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ABSTRACT 
 
In order for agricultural land area to be certified for organic production, current USDA rules 
require that it goes through a three-year transition period prior to receiving certification in order 
to minimize the effects of previously applied synthetic pesticides or fertilizers and to improve 
“soil health”.  Methods for enhancing soil health often include applications of organic matter to 
the soil.  Adding organic matter to soils has been shown to lower the severity of soilborne/root-
infecting diseases, a phenomenon known as organic matter mediated suppression. The aim of 
this study was to investigate the effect of adding organic matter, through cropping systems 
(pasture, cash grain, vegetable) and direct organic amendments (cover crops only, cover crops 
plus manure or compost), on soil suppressiveness during the certification transition period.   
Disease suppression of soybean pathogens, Rhizoctonia solani and Fusarium virguliforme was 
evaluated under the controlled environmental condition during transition, and field evaluations 
were conducted after transition.  Naturally occurring diseases in the field were evaluated 
annually in order to compare the organic amendment effects.  In addition, population levels of 
the Pseudomonadaceae were evaluated for suitability as a suppressiveness indicator. 
In greenhouse bioassays, disease levels were consistently higher on plants grown in 
autoclaved, infested field soil than in the same soil that was not sterilized, verifying the 
biological nature of the disease suppression studied.  By using root morphology, along with 
severity ratings, my results provide evidence that adopting pasture as the transitional cropping 
system may promote organic matter mediated suppression of diseases caused by facultative 
saprophytes (e.g., F. virguliforme), while encouraging diseases caused by facultative parasites 
(e.g., R. solani).  Over the three year transition period, there was an increase in soil 
suppressiveness based on greenhouse bioassay data.  In the R. solani infested field assay, manure 
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amendments resulted in higher emergence, particularly in the cash grain system.  Growers should 
decide the transition strategies best suited for each field based on their knowledge of the disease 
history of the field.   
The annual evaluation of naturally occurring diseases showed that diseases caused by 
biotrophic pathogens were promoted by manure amendments, as shown in higher severity levels 
of rust on corn, rust on perennial orchard grass, and powdery mildew on winter squash.  A higher 
incidence of tomato anthracnose was observed in the plots previously transitioned in the 
vegetable system, resulting in a lower percentage of marketable fruit.  The severity of bacterial 
pustule on the post-transition soybean crop was highest in the pasture system plots, despite 
soybeans having the highest yields in those same plots.  In addition, population levels of 
members of the Pseudomonadaceae in the soil were quantified using a 16S rDNA fragment as a 
target in a qPCR assay. No significant differences in population levels of this family of bacteria 
were observed in an individual year as a result of the transition strategies.  However, over the 
course of the transition period, the population level doubled in all treatment plots, indicating that 
soil health and suppressiveness were improved.  More study is needed to relate this measurement 
to the other existing indicators for soil suppressiveness, particularly enzymatic activities. 
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CHAPTER I 
DISEASE AND PATHOGEN SUPPRESSION RESPONSE TO MANAGEMENT: 
A LITERATURE REVIEW 
The market for organically certified produce  is one of the fastest growing sectors of U. S. 
agriculture, illustrated by the fact that organic crop acres in 2005 were 2.5 times greater than 
those in 1995 (Dimitri and Oberholtzer, 2009).  Organic soybean acres increased from 50,000 
acres in 1995 to nearly 175,000 acres in 2001. However, their levels have stayed fairly constant 
since that time (McBride and Greene, 2008; The Organic & Non-GMO Report, 2007). One 
reason for this may be that many farmers are concerned with the profits lost during the three year 
transition period required for organic certification, as altered management practices result in 
reduced yields before the price premium associated with organic certification is available 
(Greene et al., 2009).  Reduced yields mean lower economic returns, and thus a higher cost of 
transition.  Despite this concern, the number of organic corn acreage has been increasing due to 
demand for organic feed for livestock, fueled by the increased sales of organic milk, eggs, and 
meat products.  According to a report from the 2008 Organic Production Survey (National 
Agricultural Statistics Service, U. S. Department of Agriculture, 2008), 78% of the current 
organic producers’ five-year plans are to maintain or increase organic production; among them 
37% plan to increase organic acreage.  Because there are a number of different strategies a 
farmer can use for this three year certification period, this study set out to investigate how 
transition strategies affect disease levels in the crops during transition and immediately afterward. 
Higher disease pressure can contribute directly to yield loss in both traditional and organic 
production.   Diseases are particularly problematic in organic systems where the use of synthetic 
pesticides and genetically modified organisms (GMO) are prohibited and available choices in the 
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toolbox of disease control measures are limited.  What can be used are the methods and materials 
permitted under the National Organic Program (NOP) standards (2002), such as crop rotation, 
sanitation, mechanical methods like pruning, fertility management, use of classically bred 
resistant varieties, vector control, cultural practices, and a limited number of elemental 
fungicides and other materials defined in The National List of Allowed and Prohibited 
Substances.  Many of these methods have been used by farmers for hundreds or thousands of 
years.    
One example of such a method is the application of manure for reasons including disease 
suppression.  For example, the suppression effect of manure on root rot of cotton (caused by 
Phymatotrichum omnivorum) was recorded as early as 1889 (Pammel, 1889), and manure was 
applied to control take-all of wheat even before the causal agent, Gaeumannomyces graminis var. 
tritici, was identified (McAlpine, 1904; Tepper, 1892).  Yet to this day, people are still trying to 
determine the biological basis of these management strategies in order to optimize their use.  
Reports on the effectiveness of these management strategies in the literature often show 
inconsistent results (Bonanomi et al., 2010), and sometimes soils have become disease 
conducive after these cultural methods were applied.   
The NOP standard requires farmland to go through a three-year transition from 
conventional to organic agricultural production before being certified.  One of the goals to be 
achieved during the transition is to improve soil health.  The S205.203(a) rule of the NOP 
standard states that “the producer must select and implement tillage and cultivation practices that 
maintain or improve the physical, chemical, and biological condition of the soil” and this should 
be mentioned in the Organic System Plan as part of the certification requirement (National 
Organic Program, 2002).   Monitoring the soil includes direct routine observation of crop 
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performance and yield comparisons from year to year.  More specific measures of soil health 
include soil testing, plant tissue analysis, and soil microbiological tests.  Soil quality, measured 
as biomass-carbon and -nitrogen, soil microbial respiration rates, and net nitrogen mineralization 
levels, has been shown to be significantly greater after three years of transition when compared 
with soil quality following conventional methods of production (Cong et al., 2006).  One aspect 
of soil health is the level of disease/pathogen suppressiveness exhibited by the soil (Grunwald et 
al., 2000).  
The goal of this research project was to use plant health as an indicator for comparing 
different transitional cropping systems and organic amendment treatments, in order to provide 
information on the benefits and problems associated with selected transition strategies.   
MECHANISMS OF SOIL SUPPRESSIVENESS 
“Suppressive soil is defined as a soil in which disease development is suppressed even 
though the pathogen is introduced in the presence of a susceptible host.” (Baker and Cook, 1974).  
Another often quoted definition of suppressive soil from Baker and Cook is “soil in which the 
pathogen does not establish or persist, establishes but causes little or no damage, or establishes 
and causes disease for a while but thereafter the disease is less important, although the pathogen 
may persist in the soil.”  However, it is difficult to precisely define the term “suppressive soil”, 
(Hornby, 1983), simply because there are many types of suppressiveness acting in soil.  The 
terms pathogen-suppressive and disease-suppressive have often been used interchangeably 
(Weller, 2002), but the former term refers to the suppression of the pathogen growing 
saprophytically, feeding on decaying organic matter in the soil, while the latter term usually 
refers to suppression of the pathogen growing parasitically in the host (Hornby, 1983).  By these 
definitions, in a plant-pathogen-antagonist relationship, increases in antagonist activity resulting 
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in increased competition for plant residues in the soil would be categorized as pathogen 
suppression, whereas increased levels of antagonist activity resulting in increased competition 
for infection sites on plant hosts would be categorized as disease suppression.   Hoper and 
Alabouvette (1996) also make a distinction between pathogen suppression, the ability of soil to 
limit the inoculum density of the pathogen and its saprophytic activity, and disease suppression, 
the capacity of the soil to restrict disease development even though the host, quantity of pathogen 
inoculum, and the environment are favorable.   
There exists an array of mechanisms for suppressive soil, including those that are chemical, 
physical, or biological in nature with direct cause-effect relationships on pathogens. However 
these mechanisms are often interrelated.  A direct cause-effect relationship can be identified 
easily, such as an increase in soil pH (chemical in nature) suppressing clubroot of crucifers, 
caused by Plasmodiophora brassicae, and a decrease in soil pH suppressing common scab of 
potato, cause by Streptomyces scabies.  Soil compaction (a physical property) is linked to higher 
severity of sudden death syndrome in soybeans (Hartman et al., 1995).  Suppressiveness of a 
chemical or physical nature is often easier to identify as compared to those which are biological 
in nature as the interactions between organisms are unavoidable.   
Pal and Gardener (2006) classified plant-microbe-pathogen interactions into different 
categories using Odum’s (1953) macro-ecology spectrum.  These categories included plant-
microbe/pathogen interaction and microbe-pathogen interaction.   Types of plant-microbe 
interactions include mutualism with examples of mycorrizhal and Rhizobium and 
protocooperation (facultative mutualism) including most of the biocontrol agents such as 
Bacillus spp. and Pseudomonas spp. that are effective against diseases on a broad range of host 
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plants.  The prevailing environmental conditions that increase the number and activity of such 
facultative mutualists determine the degree of suppression of pathogens in this type of interaction.   
Plant-pathogen interactions usually involve some form of parasitism, in which the pathogen 
is the parasite and plant is the host.  Generally, pathogens can be categorized as belonging to one 
of two categories of parasitisms, the biotrophs, which obtain nutrients from living host cells, or 
necrotrophs, which use dead host cells as a nutrient source.  Biotrophs are obligate parasites that 
can only grow and reproduce on living host cells, and, therefore, generally do not kill the cells of 
their host, at least during the initial phases of pathogenesis. For example, all plant viruses are 
biotrophic because they use the host's genetic and cellular processes to replicate.  Fungal 
pathogens such as rust fungi, smut fungi, and powdery mildew fungi are also biotrophic.   
Next, antagonism happens between pathogens and non-pathogens through competition, 
parasitism, and predation.  Competition for resources within and between species causes 
decreased growth, activity and/or proliferation of the interacting organisms.  When non-
pathogens compete with pathogens for nutrients in or around the host plant, suppression happens 
as these direct interactions benefit non-pathogens at the expense of pathogens.  Examples can be 
found using non-pathogenic Fusarium spp. as a form of biocontrol for Fusarium wilt diseases. 
Parasitism between microbes is an interaction in which two phylogenetically unrelated 
organisms coexist, and the parasite gets nutrients from the host, and it does not depend on 
whether the host is harmed or not.  The activities of agents that parasitize plant pathogens can 
result in disease suppression. For example, pathogenicity of Fusarium virguliforme (the causal 
agent of sudden death syndrome of soybean) was reported to be lowered when the fungus was 
infected by a mycovirus (Marvelli et al., 2004).  Interestingly, plant host defense systems can 
also be stimulated when infection and parasitism by relatively avirulent pathogens occur and can 
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possibly lead to the biological control of more virulent pathogens.  Lastly, predation is the 
hunting and killing of one organism by another for consumption and sustenance.  Pathogenic 
microbes are the prey of protists and mesofauna, such as fungal feeding nematodes and 
microarthropods that consume pathogen biomass.   
Table 1, which was adapted from Pal and Gardener (2006), summarizes the mechanisms of 
antagonism leading to the biological control of plant pathogens.  Different levels of directionality 
are involved, with some mechanisms requiring physical contact and others requiring chemical 
signals or enzymatic reactions.  In agricultural ecosystems, all of the mechanisms are likely to be 
operating to some extent, and biological control of plant pathogens is particularly powerful when 
multiple mechanisms are in operation simultaneously.  Different cropping systems and organic 
amendments may alter the underlying mechanisms in operation that affect disease 
suppressiveness, because adding soil organic matter (SOM) often enhances the biotic 
mechanisms of suppression. 
ORGANIC MATTER MEDIATED GENERAL SUPPRESSION THROUGH CROP 
RESIDUES AND ORGANIC AMENDMENTS 
Increasing the level of soil organic matter (SOM) is usually regarded as helpful for 
developing soil suppressiveness for soilborne diseases, which is known as organic matter 
mediated general suppression (Stone et al., 2004).  Labile fractions of SOM were found to 
correlate negatively with disease levels through organic matter mediated general suppressiveness 
(Stone et al., 2004).  Two strategies are commonly used to increase SOM, reduced tillage, to 
increase crop residues, and organic matter additions, such as manure or compost.  Organic matter 
mediated general suppressiveness mainly occurs as a result of the enrichment of certain 
indigenous soil microorganisms (Rotenberg et al., 2007a; Benitez et al., 2007) through two 
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commonly hypothesized mechanisms of fungistasis (the inhibition of fungal growth).  Soil 
microbes can induce fungistasis by nutrient deprivation resulting in reduced levels of respiration 
and microbial populations (Lockwood, 1977), and/or antibiosis (a biological interaction between 
two or more organisms that is detrimental to at least one of them or an antagonistic association 
between an organism and the metabolic substances produced by another) (Liebman & Epstein, 
1992).  De Boer et al. (2003) showed that the microbial community composition was important 
and that the presence of pseudomonads might be essential for the development of fungistasis.  
Garbeva et al. (2011) further proposed that fungistasis is part of a bigger concept of ‘general soil 
biostasis’ and that similar phenomena are observed for the growth of bacteria, arthropods, 
nematodes, and plants.   
Figure 1 shows how the addition of organic materials to a soil sets off a complex web of 
interrelated changes (Brady and Weil, 2002).   In the figure, cascading events happen when 
organic materials serve as a food source, increasing soil faunal and microbial diversity and 
activity, which, in turn, lead to secondary effects of enhanced microbial functions such as N 
fixation, decomposition and the production of humic substances.   These secondary effects then 
lead to many subsequent effects on the soil systems, including increased competition and 
antagonism against plant pests.  Since pest response is neither a primary nor a secondary effect 
after adding organic materials to the soil, researchers have often found contradictory results that 
were very unpredictable.  As summarized by Bonanomi et al. (2010), biological and enzymatic 
indicators are better predictors of suppressiveness than are chemical or physical indicators, 
suggesting that the connection between SOM and suppression is indirect and microbially 
mediated. 
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Allowing some cropland to return to natural forest or grassland vegetation is one way by 
which farmers can increase carbon storage in SOM (Weil and Magdoff, 2004) during transition.  
Also, Garbeva et al. (2004) indicated that permanent grassland and grassland converted to arable 
land are more strongly correlated with the disease-suppressive capacity of soil than is long-term 
arable land under rotation.  Interestingly, the same authors also found that the prnD gene, 
encoding the biosynthesis of the antibiotic pyrrolnitrin, which is produced by many 
pseudomonads and has broad-spectrum antifungal activity, was detected at higher frequencies in 
soil from permanent grassland or grassland-turned arable land than in soil from arable land.  This 
indicated that antibiosis is possibly less prevalent in arable land and that perennial grassland as a 
transition strategy may be a better option for plant health due to the increase in SOM.   
Agricultural practices, especially intensive tillage, accelerate the loss of carbon from the 
soil by microbial respiration and erosion.  The loss of carbon content reduces microbial activity 
and biomass, which lowers the chance of pathogens being inhibited by other non-pathogenic 
microbes.  For example, Almeida et al. (2001) found that under drought conditions final disease 
severity and the area under the disease progress curve (AUDPC) were higher in the conventional 
tillage treatment than in the no-till system.  On the other hand, reduced tillage of soils with 
drainage problems, especially in areas with cool climates, can result in depressed crop yields and 
therefore less crop residue as SOM inputs.  Another possible impact of reduced tillage is that it 
would favor the pathogen by protecting the pathogen’s refuge in plant residue from microbial 
degradation, lowering soil temperature, increasing soil moisture, and leaving soil undisturbed 
(Bockus and Shroyer, 1998).  Therefore, these authors highly recommended that reduced tillage 
be combined with other disease control strategies, including chemical treatment, biocontrol, host 
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resistance, and cultural controls.  In a transition or organic system, the most used strategies are 
cultural controls. 
One commonly used cultural control strategy is crop rotation.  Growing the same crop in 
the same field for many years continuously exposes the soil flora and fauna to the same type of 
crop residues year after year.  This tends to select for the same type of microbes being able to 
colonize the crop residues, including pathogens.  The pathogens overwinter on the crop residue 
and readily infect the same host the next season.  Crop rotation is a strategy of SOM 
management where various types of organic materials are added without selecting for organisms 
that might be harmful to the plant.   
Another type of cultural control that increases the amount of carbon added to soils is the 
use of cover crops to fill seasonal niches when commercial crops are not growing.  Compared 
with residues of physically mature crops (e.g. corn stalks), a relatively high percentage of cover 
crop biomass is lost during the initial rapid stage of decomposition.  However, even low amounts 
of biomass of rapidly decomposing cover crop help to maintain pools of particulate organic 
matter, a portion of labile SOM (Wander, 2004), improves overall soil quality (Villamil et al., 
2006) and crop yield by supplying nitrogen (Miguez and Bollero, 2005).   
One can also externally add organic materials to increase SOM.  Many different organic 
amendments can be introduced to the field, including various types of animal manures, crop 
residues, tree leaves, grass clippings, food processing wastes, and sewage sludge.  These 
materials can be added directly or composted alone, in combination, or with bark/woodchips as 
bulking agents.  The type of organic materials added to the soil influences SOM accumulation 
and disease.  Manure is often assumed to result in higher SOM because it consists of relatively 
recalcitrant compounds, having the most easily degradable compounds of the plant tissue 
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digested by the animal before excretion.  Paustian et al. (2000) reported that, compared to plant 
residues, SOM increased most with the addition of manure, followed by straw and alfalfa as 
amendments.  However, not all manures are equal, as noted by Aryantha et al. (2000), resulting 
in high variability on the effects of disease suppression.    
Compost is sometimes selected over raw organic materials for better disease control.  
Compared to uncomposted materials, composted materials have lost the most labile carbon 
during the composting process.  Much of the carbon in the final compost is more resistant to 
decomposition than is the carbon in uncomposted materials.  These externally added materials 
would serve as substrates, and their quality and quantity determine the types of organisms, both 
pathogens and natural occurring antagonists, that can utilize the nutrients.   
Not only soilborne diseases can be suppressed by increasing SOM, foliar diseases were 
found to be suppressed as well (Rotenberg et al., 2005). The mechanism of foliar disease 
suppression might come from the induction of systemic host resistance, which is different from 
the mechanism of soilborne pathogen suppression mentioned above. 
However, organic amendments can either ameliorate or exacerbate disease problems and 
opportunities in a cropping system (Stone et al., 2004), depending on their effects on soil 
properties.  Higher disease severity can happen due to high nitrogen supply that tends to increase 
certain disease incidence as reviewed in Snoeijers et al. (2000).  Soil moisture retention from the 
addition of organic amendments can also increase pathogen proliferation.  For example, 
Rotenberg et al. (2007b) found that total soil nitrogen and NO3-N had a greater influence on 
disease severity than soil carbon after transition from conventional to organic farming.  They 
speculated that the increase of soil moisture retention combined with the increased plant 
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available nitrogen in paper mill residue compost-amended soils may have increased host 
susceptibility to a bacterial pathogen in the last year of transition.   
When considering the effect of organic amendments on disease severity, it is impossible to 
avoid being confounded by their positive effect on plants nutrition (Hoitink et al., 1997) that in 
some cases may help the plant to overcome infection.  Nitrogen can improve overall plant vigor 
and thus lower the levels of disease severity.  For example, enhancing nitrogen nutrition by 
adding composted materials can both improve perennial ryegrass establishment and decrease leaf 
rust severity (Loschinkohl and Boehm, 2001).  Conversely, nitrogen is required for producing 
new plant tissues, and new tissues sometimes are more susceptible to pathogen attack.  For 
example, corn grown in soil high in nitrogen is most susceptible to corn smut, Ustilago maydis, a 
common yet minor fungal disease of sweet corn, and adjustment of the amount applied is needed 
for manure is rich in nitrogen (Aydogdu and Boyraz, 2011).    
EPIDEMIOLOGY OF PATHOGENS MANAGED WITH CULTURAL CONTROL 
A concept differentiating general suppression from specific suppression helps to illustrate 
the organic matter mediated suppression as a result of cultural controls.  General suppression is 
the result of a high biomass and activity of microbial populations that creates conditions 
unfavorable for pathogens to proliferate, whereas specific suppression results from one organism 
directly suppressing a pathogen.  In the latter case, the beneficial organism is also known as a 
biocontrol agent.  A classic example is Trichoderma, a beneficial fungus that is able to target 
Rhizoctonia solani and parasitize it (Weindling, 1934).   
Rhizoctonia solani 
Rhizoctonia solani causes a number of important plant diseases, including damping-off of 
seedlings, root rots, stem cankers; and aerial blights on a wide range of grain, vegetables, and 
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fruit crops; and this pathogen can impact yields greatly.  Studies done in both field soils and 
soilless container media indicate that diseases caused by R. solani can be suppressed by either 
adding SOM for general suppression, or enriching specific microbial antagonists for specific 
suppression, or both (Stone et al., 2004; Fravel et al., 2003; Hornby, 1983; Weller et al., 2002).  
The concept of competition between R. solani and antagonists observed in soilless media can 
serve as a foundation for the interpretation of data on diseases caused by R. solani in field soils.  
A study by Grunwald et al. (2000) showed that a different kind of suppressiveness might 
be evident between two pathogens, Pythium aphanidermatum and R. solani, during short-term 
cover crop decomposition.  In their study, P. aphanidermatum was generally suppressed by 
microbial competition for nutrients and strongly dependent on nutrient availability, whereas R. 
solani suppression was dependent on establishment of cellulolytic antagonists on the cover crop 
residues.  Well-known cellulolytic antagonists that can be found in soil include Bacillus spp., 
fluorescent Pseudomonas spp., Trichoderma harzianum, species of actinomycetes, and non-
pathogenic fungi, many of which have been commercialized as biocontrol agents.  These 
organisms are well adapted to cellulose utilization from receiving periodic inputs of plant 
biomass as their substrate (Lynd et al., 2002).  These organisms are responsible for the rate of 
carbon cycling as they break down plant material for bioavailability.  It was also found that 
among compost-amended container mixes, relatively few of the soilless mixes were more 
suppressive to R. solani than to Pythium (Krause et al., 1997; Scheuerell, 2002).  Chung (1988) 
suggested that a lack of correlation between disease severity and total microbial activity/biomass 
shows that a specific suppression was involved for R. solani.  Therefore, general suppression can 
occur with R. solani, but is less common than specific suppression. 
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When the saprophytic activity of R. solani is reduced, the natural inoculum density is 
decreased, thus the pathogenicity is suppressed.  In general, when the soil is amended with 
organic residues with a high C:N ratio, the competition for nitrogen will decrease the saprophytic 
activity of R. solani (Davey and Papavizas, 1963).  An exception should be noted that, when 
commercially available soil amendments, such as ground chitin of low C:N ratio (C:N=6.4) were 
added to soil, R. solani was effectively suppressed, possibly due to either selectively enriching 
indigenous antagonists of R. solani (Henis et al., 1967), or chitinase being involved in induced 
systemic resistance (Radjacommare et al., 2004).   
With cultural control, the main goal is to enhance the antagonistic activity by using the 
cropping effects and organic amendments to enhance organic matter mediated suppression.  For 
example, orchard soils cultivated with wheat prior to planting apples induced suppressiveness to 
R. solani AG5 by increasing the level of specific fluorescent pseudomonads that are antagonistic 
to R. solani (Garbeva et al., 2004).   
Since R. solani utilizes cellulose readily, when large volumes of fresh crop residues were 
left on the soil surface in arid agricultural cropping systems, increased incidence and severity 
were found for Rhizoctonia root rot of wheat (Rovira, 1986; Weller et al., 1986).  Buried crop 
residues decay much faster than surface residues, and R. solani is less able to compete with other 
saprophytes/antagonists in the soil.  When the standing dry residues are not readily colonized by 
other saprophytic organisms because of low moisture, R. solani is able to grow in these 
conditions.   
Since R. solani has high competitive saprophytic ability and degrades cellulose as well as 
simple sugars and hemicelluloses in vitro and in soil systems, R. solani populations typically 
increase during early stages of cover crop or raw residue decomposition and decline as the more 
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labile constituents of the materials are exhausted (Grunwald et al., 2000).  The growth curve 
takes longer to taper off for R. solani than for Pythium spp., likely due to R. solani’s capacity to 
degrade cellulose, its relative insensitivity to fungistasis, and sensitivity to specific antagonists 
for suppression.  Thus suppression of R. solani is less frequently found following the addition of 
composted materials than is the suppression of Pythium spp. 
Stabilization of organic matter by composting reduces the potential for saprophytic growth 
of R. solani, but pathogenicity may not be reduced until specific microbial antagonists 
sufficiently recolonize the compost.  Suppressiveness can sometimes be generated by long-term 
curing of compost or by applying the materials to the field several months before planting a 
susceptible crop (Tuitert et al., 1998; Lumsden et al., 1983).  However, even when produced by 
similar methods, only certain sources of composted manure increased the suppressiveness of the 
soil (Voland and Epstein, 1994; Tsror et al., 2001). Therefore, successful inhibition of R. solani 
relies on having the environmental conditions (moisture, temperature) that support general 
suppressiveness (Gill et al., 2001), as well as enhancing colonization by antagonists and 
increasing the activity of specific antagonists.   
Instead of suppressing R. solani, some amendments actually enhance its saprophytic and 
pathogenic capacity.  In an evaluation of compost products blended with peat, more compost 
samples significantly enhanced Rhizoctonia damping-off than suppressed the disease (Scheuerell, 
2002).   An increased growth of R. solani Kuhn AG2-1 (ZG5), the causal agent of damping-off 
in canola, was reported when soil was amended with fresh green manures of Brassica species, 
possibly due to stimulated saprophytic activity (Yulianti et al., 2006).   The reviewed research 
shows that a manipulation of the soil environment to increase the population of indigenous 
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antagonists or the amendment of soil with organic matter already colonized by antagonists will 
increase the consistency of suppressiveness. 
Fusarium virguliforme  
Fusarium solani species typically cause roots rot which results in considerable economic 
losses in many important crops.  Fusarium virguliforme (Aoki et al., 2003), formerly F. solani f. 
sp. glycines, causes sudden-death syndrome (SDS) of soybeans and is one of the top ten diseases 
that impact soybean yields (Wrather and Koenning, 2009).  SDS impacted soybean yields in the 
USA in 11 out of the 12 years reported and often ranked as the second to fifth cause of 
suppressed soybean yields, right after the soybean cyst nematode (ranked number 1) which can 
also form a disease complex with F. virguliforme to synergistically increase the severity of SDS.  
SDS often suppressed soybean yields in Iowa, Illinois, and Indiana, and it was determined that 
weather patterns were more conducive for this disease in the central USA, where a cool and wet 
spring is common, than in other areas (Scherm and Yang, 1999).  Early planting in such weather 
favors the development of this disease, and disease development is enhanced when soil 
compaction and/or drainage issues exist (Hartman et al., 1995).   
The SDS pathogen is semi-biotrophic (non-obligate parasitic) and lives most of its life 
cycle as a parasite, but under certain conditions it may grow saprophytically on non-living 
organic materials.  It has fair competitive saprophytic abilities, and its population can increase 
after adding organic amendments.  However, in competition for organic substrates previously 
colonized by other organisms, pathogenic F. solani spp. can be relatively poor competitors.  For 
instance, precolonization of soils or organic matter with two isolates of nonpathogenic F. 
oxysporum was found to reduce F. solani f. sp. pisi growth and infection of peas (Oyarzun et al., 
1994).  Usually, the suppression of F. solani is stronger when organic matter is colonized by the 
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same fungal species, moderate when colonized by other fungal genera, and weak when colonized 
by bacterial species.  However, there are exceptions to this rule, as when a bacterium strongly 
inhibits colonization by producing an antibiotic, a toxic substance, or a lytic enzyme that kills the 
pathogen (Lim et al., 1991).   
Through the manipulation of tillage practices, planting date, crop rotation, and cover 
cropping, disease suppression can be achieved.  Previous research found that SDS was less 
severe in areas that had been subjected to deep-tillage when compared to those with no-tillage 
practices.  Tilling to alleviate compaction and improve drainage generally suppresses the disease.  
It is also possible to delay planting to avoid the cool and wet conditions typical in early spring.  
An initial high inoculum, however, built up from previous years can still negate the benefits of a 
late planting.  There does not seem to be a specific rotation sequence between corn and soybeans 
that is better for suppressing SDS (Xing and Westphal, 2009; Westphal et al., 2008).  A serious 
outbreak of SDS can still happen when soybeans are planted after several years of continuous 
corn.  Including small grains, however, as part of a relay double-cropping or in a long rotation 
may suppress SDS (Koenning, 2002).   
Few studies have been done on organic amendments affecting SDS.  However, plant-based 
materials and animal manures were reported in the literature to have increased the suppression of 
other diseases caused by F. solani.  Snapp and Date (2004) found that oriental mustard (Brassica 
juncea L., variety Pacific Gold) incorporated in the spring before planting potatoes highly 
suppressed fungal activity by F. solani.  Moreover, a compost tea extracted from materials 
composed of 50% cattle manure, 20% sheep manure, 20% poultry manure, and 10% crushed 
wheat straw considerably reduced dry rot of F. solani in potato tubers during storage (Znaïdi et 
al., 2002).  This reduction was likely due to the compost tea containing microorganisms that 
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reduce disease incidence through either competition or inhibition.  Manure application was found 
to suppress root rot disease caused by F. solani on groundnut, and poultry manure was the most 
effective followed by cattle manure (Ahmed et al., 2012). 
PSEUDOMONADACEAE AS AN INDICATOR OF ANTAGONISTIC POTENTIAL  
AND SOIL SUPPRESSIVENESS 
The genus Pseudomonas is one of the best-studied bacterial groups in soil, including 
numerous species of environmental interest.  This genus plays key roles in soil, for instance, in 
the biological control of soilborne plant pathogens and in the bioremediation of pollutants.  
Gerbeva et al. (2004) observed differences in the composition of Pseudomonas populations in 
various agricultural regimes.  They found that perennial grassland enriched specific antagonistic 
subpopulations of Pseudomonas spp. in the soil compared to cultivated land.  Along with plant 
development and between different cultivars, Costa et al. (2006) found that the diversity and 
antagonistic potential of Pseudomonas spp. associated with the rhizosphere of maize changed.  
Evidence in the literature suggests that fluorescent pseudomonads contribute to the defense 
of plant roots in many different agro-ecosystems (Haas and Defago, 2005; Weller et al., 2007b).  
A well known example is take-all of wheat being suppressed by antibiotic-producing fluorescent 
Pseudomonas spp. (Mavrodi et al., 2006).  They can be highly effective biocontrol agents against 
a variety of plant diseases and are ideally suited for serving as vectors for expressing other 
biocontrol traits in the rhizosphere.  They naturally produce antibiotics or phytotoxins and induce 
systemic resistance of host plants as discussed by Bakker et al., (2007).  In addition, some 
phytotoxins were found to inhibit weed seedling growth by disrupting weed cell walls and 
membranes (Norman and Patten, 1994).  These factors can contribute to overall plant health.   
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Many studies have focused on specific suppression resulting from antibiotic-producing 
pseudomonads in the rhizosphere (Bakker et al., 2007).  It is known that farming practices, such 
as crop rotation, tillage, organic amendments, and chemical seed treatments can alter the 
abundance of antibiotic- (e.g., 2,4-Diacetylphloroglucinol) producing Pseudomonas spp. in the 
rhizosphere of corn and soybean (Rotenberg et al., 2007a).   
Pseudomonads in soil are traditionally quantified by semi-selective plate counts as an 
indicator of soil health and biocontrol potential (Weller, 2007).  However, a non-cultural based 
quantification, i.e., molecular method, was shown to be more accurate than traditional cultural-
based methods in root and soil environments (Tarnawski et al., 2003).  Moreover, fungistasis is 
considered to be a general suppression in the bulk soil (Lockwood, 1977), so the selective plate 
counts used for rhizosphere soil may not apply for bulk soil.  Therefore, a suitable indicator for 
general suppression should have several criteria: 1. the indicator should be derived from bulk soil, 
not from the rhizosphere soil; 2. the indicator should corresponds well with the effect of organic 
matter inputs on disease severity levels.  Therefore, in this study, Pseudomonadaceae was 
assessed for its potential as an indicator to see whether its abundance responds to field treatments. 
RESEARCH OBJECTIVES 
A trend in modern agriculture is to specialize in the production of a few similarly managed 
crops in terms of their management intensity (e.g. corn and soybeans).  Cook (2006) defined the 
features of any cropping system by two aspects of management: the crop rotation, and the type or 
intensity of tillage.  After consulting a panel of growers, the transition strategies selected for the 
current study were designed to reflect three types of cropping systems with different crop 
rotations and levels of tillage intensity: vegetables (high-intensity); cash grain (intermediate-
intensity); and perennial grass/legume pasture (low-intensity).  Within each system, the three 
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fertility amendment strategies used were raw dairy manure, composted leaf, or non-amended.  
The amendments were applied based on the soil fertility testing results (Table 1 and 2), and the 
timings of the applications are shown in Figure 2.  Cover crops were planted after the fall harvest 
for both vegetable and cash grain systems, which is a common practice among organic producers 
in the Midwestern U.S. (Figure 2).   Weather statistics for the time period covering the course of 
the study (2003 to 2007) are shown in Figure 3.  Among the years of the study, the growing 
season in 2005 was drier when compared to the other years, In 2006 the spring started wet, but it 
was fairly dry in May and June. There was an above average amount of rain in July, but then dry 
for the remainder of the growing season.  In 2007 conditions were dry throughout most of the 
growing season, except during June.  The temperature trends were similar among those years 
except for 2004, in which the temperatures were noticeable lower in August. 
The objectives of this research were, first, to assess soil suppressiveness to soybean 
pathogens resulting from different transition strategies; second, to evaluate the use of a genomic 
signature as an indicator of soil suppressiveness; and third, to assess the effect of transition 
strategies on the development of naturally occurring diseases in a field setting.  Three approaches 
were used to achieve the objectives in this study: (i) soil bioassays using infested field soils 
under controlled environmental conditions, followed up with an infestation of field plots planted 
to soybeans; (ii) qPCR to quantify the Pseudomonadaceae population levels using the 16S rDNA 
fragment as the genomic signature; (iii) evaluating the effect of transition strategies on naturally 
occurring diseases on crops in the field.  Details are explained below: 
Soil Bioassay 
Disease suppressiveness is often assayed in the greenhouse under controlled environmental 
conditions.  It has been shown in several studies that greenhouse bioassay results correlate well 
20 
 
with field responses (Safford, 1982; Benitez et al., 2007).  Greenhouse bioassay data are often 
used alongside in situ field assay data to quantify the suppressiveness of a soil (Stone et al., 
2003).  Because the current study had cropping systems with different seasonal crops growing as 
the whole-plot treatment, it was not possible to compare different pathosystems side by side.  We 
chose to perform the soil assay using a single host crop, soybeans.  Therefore, field soil samples 
were collected, brought into the greenhouse, and infested with the soybean pathogens, R. solani 
or F. virguliforme.  A susceptible variety of soybean was then planted in the infested soil to 
evaluate the suppressiveness of the soil.   
A better understanding of the effect of cropping systems and organic amendments on these 
two pathogens will help growers choose appropriate transition strategies during the three year 
process of organic transition.  My hypothesis is that the perennial pasture system, in which high 
amounts of residue are left on the soil surface, will increase soilborne disease severity and result 
in smaller root systems.   
Using Pseudomonadaceae Population Levels as Indicator of Soil Suppressiveness  
“Pseudomonads” is an old term that is used to refer to members of the genus Pseudomonas.  
With the advances in using molecular signatures for phylogenetic classification, there has been a 
significant amount of re-classification, particularly within the family Pseudomonadaceae.  Here I 
will use the term Pseudomonad to refer to the family of Pseudomonadaceae, instead of the genus 
of Pseudomonas.   
One commonly used method of assessing the potential suppressiveness of a soil is to 
quantify population levels of Pseudomonads from bulk soils using soil dilution plating and plate 
counts of colony forming units (CFUs).  However, culturable counts are known to underestimate 
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the total population of pseudomonads and do not always correlate well with selective agar 
plating (Khan and Yadav, 2004).  Cultural-independent methods have been developed using a 
Pseudomonadaceae-specific primer set with a probe PSMG (Braun-Howland et al., 1993) and a 
second primer, 9-27 (Suzuki and Giovannoni, 1996), that is 445 base pairs upstream of PSMG.  
In previous studies, these two primers were combined to quantify 16S ribosomal DNA of 
Pseudomonas spp. using competitive PCR (Johnsen et al., 1999).  These probes were later 
adapted by Khan and Yadav (2004) using SYBR green real-time quantitative PCR (qPCR) in 
metal working fluids.  Johnsen et al. (1999) found the amount of Pseudomonas DNA 
corresponded to the number of culturable Pseudomonas bacteria on Gould’s S1 agar in soil hot 
spots.  I adapted these methodologies in order to quantify Pseudomonad population levels in soil 
samples collected from the field plots during the transition period.  My goal was to determine 
whether the abundance of total Pseudomonads DNA in bulk soil could be used to predict the 
level of soil suppressiveness. 
Evaluating Naturally Occurring Field Diseases 
As mentioned earlier, two categories of parasitism, biotrophic (requiring living host cells) 
and necrotrophic (killing and using dead host cells as a nutrient source) can occur in plant-
pathogen interactions.  My hypotheses were that, during transition between different 
pathosystems, biotrophs such as powdery mildews and rusts would be better able to cause 
disease in the manure-amended soils because of higher levels of nitrogen, but that manure 
treatments would not have a similar effect to on necrotrophs.  After the three-year transition, the 
same assay crops were planted across the cropping systems, and my hypothesis was that the 
pasture system would have lower disease severity levels of naturally occurring diseases, and 
result in higher yields. 
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Summary 
In this dissertation, the findings from the assessment of soil suppressiveness to soybean 
pathogens resulting from different transition strategies and the evaluation of the use of a genomic 
signature as an indicator of soil suppressiveness are presented in Chapter II.  The results from the 
annual evaluation of naturally-occurring field diseases during transition period and post-
transition years are included in Chapter III.  
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TABLES AND FIGURES 
 
Figure 1. The addition of organic materials to a soil causes a complex web of interrelated 
changes including soil properties, behaviors and environmental impacts.  The arrows illustrate 
cause and effect relationships resulting from organic residues added to the soil.  (From Brady, N. 
C. and R. R. Weil. 2002.  The Nature and Properties of Soils, 13
th
 ed.  Prentice-Hall, Upper 
Saddle River, NJ, USA.) 
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Figure 2. Crop rotation schedule under each cropping system treatment for each season during transition (2003 through 2006 Spring) 
and post-transition (after 2006 summer).  The arrows show when manure and compost amendments were applied.  The 
planting/transplanting dates were noted within the brackets. 
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Figure 3. Average monthly precipitation and air temperature during growing season. 
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Table 1. Mechanisms of antagonisms leading to suppression of plant pathogens (adapted from Pal and Gardener, 2006). 
Mechanism Examples 
Hyperparasitism/predation Lytic/some nonlytic mycoviruses 
Antibiotics 2,4-diacetylphloroglucinol 
Phenazines 
Cyclic lipopeptides 
Lytic enzymes Chitinases 
Glucanases 
Proteases 
Unregulated waste products Ammonia 
Carbon dioxide 
Hydrogen cyanide 
Physical/chemical interference Blockage of soil pores 
Germination signals consumption 
Molecular cross-talk confused 
Competition Exudates/leachates consumption 
Siderophore scavenging 
Physical niche occupation 
Induction of host resistance Contact with fungal cell walls 
Detection of pathogen-associated, molecular patterns 
Phytohormone-mediated induction 
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CHAPTER II 
DISEASE SUPPRESSION OF ROOT-INFECTING, SOILBORNE PATHOGENS OF 
SOYBEANS IN RESPONSE TO CROPPING SYSTEMS AND ORGANIC AMENDMENTS 
ABSTRACT 
In order for agricultural land area to be certified for organic production, current USDA rules 
require that it goes through a three-year transition period prior to receiving certification to 
minimize the effects of any previously applied synthetic pesticides or fertilizers and to improve 
“soil health”.  Methods for enhancing soil health often include applications of organic matter to 
the soil, and such amendments have been shown to lower the severity of soilborne/root-infecting 
diseases, a phenomenon known as organic matter mediated suppression. The aim of this study 
was to investigate the effect of adding organic matter, through cropping systems and direct 
organic amendments, on soil disease suppressiveness during the certification transition period.  
The treatments used were cropping systems (pasture, cash grain, and vegetables) in combination 
with organic matter inputs (cover crops only, cover crops plus raw cow manure, and cover crops 
plus compost).  Disease suppression of soybean pathogens, Rhizoctonia solani and Fusarium 
virguliforme were evaluated separately under a controlled environment during transition, and 
then through field infestation with R. solani one year after transition.   
In greenhouse bioassays, disease levels were consistently higher on plants grown in 
autoclaved, infested field soil than in the same soil that was not sterilized, verifying the 
biological nature of disease suppression.  By using root morphology along with severity ratings, 
my results provide compelling evidence that adopting pasture as the transitional cropping system 
may promote organic matter mediated general suppression of diseases caused by facultative 
saprophytes (e.g., F. virguliforme), while encouraging diseases caused by facultative parasites 
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(e.g., R. solani).  Overtime, there was an increase in suppressiveness shown in disease severity 
ratings from the greenhouse data.  In the infested field assay using R. solani, manure 
amendments resulted in higher seedling emergence, particularly in the cash grain system.  In 
addition, population levels of members of the Pseudomonadaceae in the soil were quantified 
targeting a 16S rDNA fragment. No significant differences in population levels of this family of 
bacteria were observed in an individual year as a result of the transition strategies.  However, 
over the course of the transition period, Pseudomonadaceae doubled as the result of the 
treatments which indicates that soil health and suppressiveness were improved.  More study is 
needed to relate this measurement to the other existing indicators for soil suppressiveness. 
INTRODUCTION 
With the increasing price of chemical pesticides and fertilizers and a sense of 
environmental stewardship, much research in recent years has focused on replacing these 
chemical inputs, to some extent, with cultural, mechanical (tillage), and biological (biocontrol) 
practices.  An example of such research is the study of the organic systems where no synthetic 
chemicals are being used, and thus only cultural and mechanical practices are relied upon.  The 
toolbox of organic disease management with cultural practices includes crop rotation, sanitation, 
cover crops, intercropping, composting, avoidance, and resistance.  Cultural management 
practices essentially manipulate different quantities and qualities of organic matter inputs and 
generate microclimates that are unfavorable for pathogens.  Bonanomi et al. (2010) generalized 
the characteristics of soil organic amendments that suppress soilborne plant diseases by meta-
analysis of past studies because of the inconsistent effects of organic inputs on diseases.  Still, 
there is a lack of research focusing on transitioning farming systems when crops are vulnerable 
to diseases. The stakes are high for disease control decision-making, because the consequence 
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can be costly if the yield is compromised either in the crops grown during the transitional period 
or immediately after organic certification.  
Transition from conventional to organic production is expensive for the growers.  Its high 
cost stems from lower yield and higher production expenses (Greene et al., 2009) that cannot yet 
be compensated for by the premium price paid for organically certified crops.  Yield loss 
resulting from pest pressure is one of the main concerns that prevent conventional growers from 
transitioning to organic production systems.  There is a learning curve when starting an entirely 
different suite of production practices, such as using a cultivator for weed control, rotating with 
small grain and meadow crops, often including alfalfa, and sometimes including an idle year in 
the rotation, etc.  Conventional pest control practices including seed treatment and foliar 
application with synthetic fungicides, use of synthetic herbicides and genetically modified (GMO) 
crops are not allowed, and availability of disease resistant varieties of organic seed can be limited.  
For example, 68% of organic soybean producers use high protein, clear hilum cultivars because 
they are good for making tofu and soymilk, but these varieties inherently have a lower yield.  
Therefore, organic production poses a higher risk than does traditional production because it 
does not have the flexibility of using synthetic chemicals and GMO varieties. 
Which crop should a farmer choose when embarking on the journey of transition?  A rule 
of thumb is to start with the crops that the grower is familiar with, except for corn.  Corn requires 
a lot of nutrient inputs, and it can be extraordinarily challenging to overcome the learning curve 
when one just starts out farming organically.  An ideal candidate is soybean for the Midwestern, 
U. S., since it is obviously a part of the traditional corn/soybean rotation, and it does not require 
as much in the way of nutrient inputs, if any.  Studies also have shown that organic soybean 
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production can result in yields similar to those obtained using conventional production practices 
(Greene et al., 2009).   
One strategy of cultural control is to manipulate organic matter inputs for managing 
diseases caused by soilborne pathogens. This can lead to the development of “suppressive soil” 
(Baker and Cook, 1974; Noble and Coventry, 2005) which has the capacity to suppress 
pathogens with the result that crops grown in these soils exhibit less disease, even if other 
environmental conditions are favorable (van Bruggen, 1995). The opposite is “conducive soil”, 
which allows the development of disease (Haas and Defago, 2005).  Hoper & Alabouvette (1996) 
distinguished between pathogen suppression, the ability of soil to limit the inoculum density of 
the pathogen and its saprophytic activity, and disease suppression, the capacity of the soil to 
restrict disease development even though the host, quantity of pathogen inoculum, and the 
environment are favorable.  An understanding of both types of suppression during the transition 
of conventional to organic systems may provide guidance for designing the best transition 
strategies and minimizing yield loss due to disease.   
Regular additions of organic materials to increase soil organic matter (SOM) from crop 
and cover crop residues, as well as organic amendments such as compost and manure, generally 
support greater microbial biomass and activity.  The accumulation of carbon in SOM differs 
when different cropping systems and cultural practices are used.  Intensive tillage tends to 
accelerate the loss of carbon from the soil through microbial respiration and/or erosion.  Lower 
carbon levels support less microbial activity and biomass.  Almeida et al. (2003) evaluated the 
effect of tillage and soybean debris on charcoal rot of soybeans, caused by the soilborne fungus 
Macrophomina phaseolina. They found that under drought conditions, final disease severity and 
the area under the disease progress curve (AUDPC) values were higher in the conventional 
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tillage treatment than in the no-till system.  It is suspected that the retention of crop residues on 
the surface of the soil created an environment that favored antagonists of the pathogen.  It has 
also been demonstrated that permanent grassland and grassland converted to cultivated land had 
a stronger association with the disease-suppressive capacity of soil than did long-term cultivated 
land under rotation (Garbeva et al., 2004). This indicates that perennial grassland tends to 
increase the stock of carbon in SOM, which supports greater microbial activity and biomass.  
Besides manipulating the cropping intensity, another way to increase the amount of crop 
residue carbon added to soil is through the use of cover crops; they fill seasonal niches when 
commercial crops are not growing.  In contrast to crop residues of physically mature crops (e. g., 
corn stalks), a relatively high percentage of cover crop biomass is lost during the initial period of 
rapid decomposition.  However, even low amounts of biomass of rapidly decomposing cover 
crop help to maintain pools of particulate organic matter, a portion of labile SOM (Wander et 
al.,1994), and contribute to many of the positive effects of cover crops (Magdoff and Weil, 
2004).   Cover crops not only increase background microbial biomass and activity, but also 
release biofumigants during the degradation process.  A renewed interest in disease suppression 
by natural biofumigation resulting from cover crop incorporation, also known as green manure, 
is fuelled by the need to find alternatives for synthetic pesticides.  A broader integrated pest 
management approach includes biofumigants cover crops, such as brassicas and sorghums, as a 
component of disease management has been gaining a lot of interests (Kirkegaard and Sarwar, 
1998; Larkin and Griffin, 2007). 
Bonanomi et al. (2010) did an extensive analysis, using data from more than 2400 studies 
originally from more than 250 papers, on the subject of organic matter mediated suppression.  
They concluded that microbiological and enzymatic indicators were shown to be more reliable 
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and informative than chemical indicators for predicting disease suppression of soilborne diseases.  
Among them, fluorescent pseudomonad population levels are one of the most widely used and 
consistent indicators (Bonanomi et al., 2010).  A conventional method of assessing these levels 
is soil dilution plating followed by plate counts of colony-forming-units of the family 
Pseudomonadaceae (pseudomonads) from bulk agricultural soils.  However, culturable counts 
are known to underestimate the total population of pseudomonads and do not always correlate 
well with cultural-independent methods (Khan and Yadav, 2004).  Johnsen et al. (1999) 
developed a cultural-independent method using a Pseudomonadaceae-specific primer set with a 
probe PSMG (Braun-Howland et al., 1993) and a second probe, 9-27 (Suzuki and Giovannoni, 
1996), that is 445 base pairs upstream of PSMG targeting the 16S ribosomal DNA of  the 
Pseudomonadaceae.  The results of using this primer set for competitive qPCR were comparable 
to Gould’s S1 selective agar plating of Pseudomonadaceae in the soil.  The primer set was later 
adapted by Khan and Yadav (2004) for using SYBR green real-time quantitative PCR (qPCR) to 
quantify the Pseudomonadaceae in metalworking fluids.  Similarly with other species in the soil, 
the qPCR method that targets the 16S rRNA gene in the environmental samples, were developed 
for other genera including Dehalococcoides spp. (Ritalahti et al., 2006), E. coli (Khan et al., 
2007), Alicyclobacillus spp. (Connor et al., 2005), because of the potential of high throughput 
screening.    
The current investigation involved two objectives.  The first objective was to compare the 
differences in soil suppressiveness resulting from selected transition strategies.  The second 
objective was to relate the soil suppressiveness to population levels of Pseudomonadaceae over 
the course of transition.  The approaches used included collecting data of disease severity ratings 
and root morphological characteristics from greenhouse bioassays using field soils taken from 
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the experimental plots and then eventually infested the plots.  The next approach was to adapt 
Khan and Yadav (2004)’s quantification of Pseudomonadaceae populations using qPCR for bulk 
soil samples in order to find out their association with soil suppressiveness.   
MATERIALS AND METHODS 
Field Site and Soil Sampling 
The experiment field site was established on the University of Illinois Crop Sciences 
Research and Education Center in Champaign, IL (N 40.08°, W 88.24°) from 2002 to 2007. The 
transition started in October of 2002 and was completed three years later. This location had been 
historically planted to a typical soybean/corn rotation. The soil types at the site included a 
Drummer silty clay loam, 0 to 2 percent slopes, and a Catlin silt loam with 2 to 5 percent slopes 
(Natural Resource Conservation Service, Web Soil Survey, USDA).   
Soil samples were collected five times during the course of the experiment. Samples were 
collected each spring, right after the planting of summer crops, in 2003 through 2007, with 2003 
being the baseline before the treatments started, 2004-2006 the transitioning period, and 2007 the 
post-transition period.  A zig-zag pattern was used to randomly collect soil samples from each 
plot. A hand trowel was used to collect the top 15 cm of soil after first removing the top 2.5 cm 
of soil.  Composite soil samples were placed in four one-gallon plastic freezer bags per treatment 
plot. Soil samples were kept in the shade briefly until they could be transported from the field to 
be stored at 4
o
C.  Before conducting the greenhouse bioassays, the four one-gallon bags of soil 
samples from each treatment plot were composited to achieve a homogeneous sample.  
The transition was initiated in the fall of 2002 after years of conventional field crop 
production. During the transition between 2003 and 2005, three cropping systems with differing 
management intensities were established: 1) pasture (low intensity), 2) row crop (intermediate 
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intensity), and 3) vegetable (high intensity) systems.  Each cropping system then received N 
additions from A) cover crops + leaf compost; B) cover crops + fresh raw manure; and C) cover 
crops only.  The three farming systems are considered whole-plots as shown in Figure 2 in 
Chapter I, whereas different organic matter inputs are considered sub-plots in a split-plot design.  
Each subplot was 7 m by 27.5 m.  Fertility treatments were applied as appropriate for each 
cropping system.  Applications were made to satisfy nutrient needs and timed to reflect practices 
commonly used by producers (Ugarte, 2009).  In the pasture system, sawdust pack dairy manure 
and leaf compost were applied on June 23, 2004 at the rates of 30.9 tons/acre and 54.9 tons/acre, 
respectively.  In the cash grain system, manure and compost were applied on October 21, 2003 at 
the rates of 19.1 tons/acre and 18.7 tons/acre, respectively.  In the vegetable system, manure and 
compost were applied on June 23, 2004 at the rates of 12.8 tons/acre and 14.8 tons/acre, 
respectively.  On November 10, 2005, manure and compost were applied in all three cropping 
systems at the rates of 16.9 tons manure/acre and 27.0 tons compost/acre.  The eventual soil 
quality is shown in Table 1 and 2. 
Soil Bioassay in the Greenhouse 
Greenhouse bioassays of disease suppressiveness involved infesting soil samples with one 
of two soybean pathogens, R. solani, causal agent of Rhizoctonia damping-off and root rot, or 
Fusarium virguliforme (=F. solani f. sp. glycines), the causal agent of sudden death syndrome of 
soybeans. Before being infested, the composite soil samples were divided into two equal 
subsamples, and one subsample was autoclaved for 1 hr at 121°C. After sitting for 24 hours at 
room temperature, this subsample was then autoclaved again for 1 hr to ensure any remaining 
spores were killed.  
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Two 4-mm plugs of a pure culture of R. solani (strain RS1039, AG2B12) grown on potato 
dextrose agar (PDA) were transferred to fresh PDA plates and grown for 1 week at 24
o
C.  One 4-
mm plug of the culture was then transferred to potato dextrose broth (PDB), and mycelia were 
allowed to grow at 24
o
C for 1 week in still culture.  The culture with mycelia was homogenized 
using a blender and transferred to a 12.5 cm Buchner funnel fitted with a number 40 or 42 
Whatman filter paper and connected to a vacuum source for filtration.  After separating the 
mycelia, the ratio of 0.1 g of mycelia to 50 ml of silica sand were mixed and shaken vigorously 
in a 1-gallon plastic bag to disperse the mycelia.  25 ml of the infested sand was then mixed into 
each 500 ml soil sample (Liu and Sinclair, 1991).   
125 ml of infested soil were placed into polypropylene Cone-tainers 
TM 
(Ray
 
Leach SC-10 
Super Cell), measuring 164 ml in volume, 3.8 cm in diameter, and 21 cm in depth.   
The Monticello isolate (Mont-1) (Huang and Hartman, 1998) of F. virguliforme (Aoki et 
al., 2003) was maintained on sorghum in the lab under sterile conditions following the procedure 
of Hartman et al. (2000) and then transferred to PDA and selected for pure culture.  Pure cultures 
of F. virguliforme Mont-1 were then transferred to fresh PDA plates and grown for three and a 
half weeks at 24
o
C.  50 ml of cornmeal and 200 ml of sand were mixed in 2-L flasks, autoclaved 
(121 °C) for 1 hr and allowed to sit for 24 hours. 38 ml of sterile, double-distilled water were 
added to each flask, which were then shaken and autoclaved again for 1 hr.  After the flasks were 
cool, twenty 4-mm diameter plugs of 3.5-week old cultures of F. virguliforme were added to 
each flask, and the flasks were shaken to mix.  Non-inoculated cornmeal/sand mix was used as a 
control.  Infested and non-infested inocula were incubated at 24
o
C for 11 days.  They were 
shaken daily starting on day 3.  9.5 ml of infested inoculum was added to 500 ml of soil and 
mixed well. The infested soil was then divided and placed into four Cone-tainers
TM
.   
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The cones were placed in trays and arranged on a greenhouse bench using a completely 
randomized design. Each cone was filled to within 2.5 cm from the top with field soil, on top of 
which two seeds were placed.  Then 2.5 cm of steamed soil was added to the top of the cone to 
prevent splashing and cross-contamination of inoculum.   
Disease Rating and Quantification of Root Characteristics 
In the greenhouse assays, two trials of four replications for each sample were conducted 
for each sampling date.  The susceptible soybean cultivar Pana was used for all bioassays in this 
study.  Supplemental light from 1000 watt high pressure, sodium vapor lights (156 E s-1 m-2) 
provided 16 hours of daylight.  Daytime temperatures for the greenhouse were set at 25 ± 3
o
C 
during the day and 22 ± 3 
o
C for the 8-hour dark period.  Soybean plants were watered twice a 
day to maintain necessary soil moisture.  
Plants grown in soils infested with R. solani were harvested and rated two weeks after 
planting. The last scheduled watering before a root washing was withheld because the reduced 
soil moisture allowed the roots to be removed from the cones intact.  Plants were carefully 
removed from the cones, and adhering particles of soil were gently removed from the roots.  First, 
the roots were gently rinsed in a tub of water, then directly under running tap water. Root 
nodules from Rhizobium were removed, so that the image scanned accounted for the roots only.  
Cleaned root systems were placed in a clear plastic tray containing water and placed against a 
white background to rate the severity of disease symptoms, including plant height, lesion length, 
and number of lesions.  The roots were teased out gently using a rubber-policeman with an 
angled edge to make sure there was as little overlapping of roots as possible for precise 
quantification of the root characteristics.  Water in the plastic tray was changed every three scans 
to make sure the background remained clear.   
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Root images were acquired from a flat bed scanner, Regent Instruments LA1600 (Epson 
model EU-22), and analyzed for root characteristics using the WinRHIZO
®
 software (Regent 
instruments, Quebec, Canada).   Ortiz-Ribbing and Eastburn (2004) previously found a 
significant correlation between foliar symptoms and root morphological characteristics, i.e. root 
length, surface area, and volume, assessed by this digital root imaging approach for inoculated 
plants.  Therefore, this study used the same approach to quantify root morphology and assess 
plant health for both R. solani and F. virguliforme assays.   
The disease rating scale for R. solani was adopted originally from Liu and Sinclair (1991) 
and adjusted by Dal Soglio et al. (1995) with 0 = no symptoms, 1 = one or two lesions less than 
2 mm long, 2 = three to five lesions less than 5 mm long, 3 = more than five lesions longer than 
5 mm long, but decayed area less than 50%, 4 = decayed area more than 50% or girdled and , 5 = 
dead plant.  The disease rating was converted to a severity percentage for use in ANOVA based 
on measurements of the range of root surface decay for each level of the scale. The central values 
of these ranges were then used to represent the rating level (0 = 0%, 1=1%, 2=5%, 3=25%, 
4=75%, 5=100%).   
Plants grown in soils infested with F. virguliforme were harvested for rating three weeks 
after planting.  F. virguliforme infested plants were rated for their typical foliar symptoms, 
mainly the interveinal chlorotic spots, and necrosis.  All disease severity ratings were based on 
the percentage of leaf area of each plant showing interveinal chlorotic spots with 1 = no 
symptoms, 2 = slight symptom development with mottling and mosaic on leaves (1 to 20% 
foliage affected), 3 = moderate symptom development with interveinal chlorosis and necrosis on 
foliage (21 to 50% foliage affected), 4 = heavy symptom development with interveinal chlorosis 
and necrosis (51 to 80%), and 5 = severe interveinal chlorosis and necrosis (81 to 100% foliage 
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affected) (Hartman et al, 1997).  The midpoint of the percentage range was used when 
converting to leaf symptom severity.  Root systems were visually rated immediately after 
washing by recording the percentage of the root system showing discoloration.  Root images 
were digitalized and quantified with the method described above. 
The experimental layout was a split-plot in a randomized complete block design (RCBD) 
with four replications.  The whole plot treatment was cropping systems (CS) with three levels: 
pasture (perennial grass/legume biculture); cash grain (corn, soybeans, wheat); and vegetables 
(tomato, crucifer, squash) (Figure 2).  Organic amendments (OA) was the subplot treatment, 
consisting of three levels (cover crop only, cover crop plus leaf compost, and cover crop plus 
animal manure).  For each year, the greenhouse bioassay included two trials and the replications 
for the effect of block (B).  Data was transformed as Z-scores, where Z score = [raw value (of the 
individual non-autoclaved/inoculated samples) – mean of the values of the autoclaved inoculated 
samples] / standard deviation of the autoclaved/inoculated samples (Pataky, et al., 2001).  
Statistical analysis was conducted using SAS v. 9.2 (SAS Inst., Cary, NC).   The baseline data 
was examined for the block effect using PROC GLM for 2003 data before the treatments, CS 
and OA, were in place.  The PROC MIXED procedure of SAS was used for 2004-2007 after the 
treatments, CS and OA, started.  Significant year*CS and year*OA interactions were detected, so 
data are presented by year for the CS and OA effects.  For this model, the CS and OA treatments 
were considered as fixed effects whereas block and trial were considered random effects. When 
covariance parameter estimates appeared to be negative or zero, the -2Log Likelihood test to 
compare successive reduced forms of the original models was used (Littell et al., 2002). 
The linear model used for the statistical analysis of the dependent variables was 
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where, 
      = observation of the disease severity for the soil samples taken from the i
th
 cropping 
system with the j
th
 organic amendment and the k
th
 greenhouse trial in the l
th
 block. 
   = overall mean.   
   = fixed effect due to the i
th
 level of factor CS (i= 1, 2, 3). 
   = random effect due to the j
th
 BLOCK (j=1, 2, 3, 4), (0, σb
2
). 
Error (1) = whole-plot error effect assumed identically and independently distributed (i.i.d.) N(0, 
σe1
2
). 
   = fixed effect due to the k
th
 level of factor OA (k=1, 2, 3). 
      = fixed interaction effect due to the i
th
 level of factor CS and the k
th
 level of factor OA. 
   = random effect of the l
th
 trial of the bioassay performed on the same soil samples.  T is 
treated as a repetition of the BLOCK (l= 1, 2). 
     = random interaction effect of the l
th
 trial and the i
th
 treatment CS.  
     = random interaction effect of the l
th
 trial and the k
th
 treatment OA. 
       = random interaction effect of the l
th
 trial, i
th
 treatment CS, and the k
th
 treatment OA. 
     = random interaction effect of the l
th
 trial and the b
th
 block. 
       = random interaction effect of the l
th
 trial, j
th
 block, and the i
th
 treatment CS. 
       = random interaction effect of the l
th
 trial, j
th
 block, and the k
th
 treatment OA. 
Error (2) = subplot 1 error effect, assumed i.i.d. N(0, σe2
2
). 
Errors 1 and 2 are assumed to be independent of one another. 
The matching SAS codings were as follows, 
Year 2003: 
proc glm data=thesis; by year;  
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class block; 
model variable=block; 
means block/hovtest=levene;run; 
 
Year 2004-2007: 
proc mixed data=thesis; by year;   
class block trial CS OA; 
model variable=CS|OA; 
random block trial; 
lsmeans CS|OA/diff adjust=Bon ;run; 
Soil Bioassay in the Field Infested with the Pathogen 
For field infestation in 2007, a culture of Rhizoctonia solani AG 2-2 was transferred from 
potato dextrose agar (PDA) to pre-soaked, washed and twice-autoclaved sorghum seed, and 
allowed to incubate at 24
o
C for 1 week. The bag with sorghum seeds were shaken every day after 
the third day.  The colonized seeds were then ground using a Reitz Hammer Mill with a 3/32 
mesh screen that produced a coarse flour consistency.  This ground inoculum was applied at the 
rate of 50 grams per 2 rows of 4.6 meters long.  Using a RCBD in the plot areas previously 
planted to the tomato variety Classica in 2006, 76 cm by 4.6 m areas were infested with the R. 
solani inoculum or left non-infested as a control.  These plots were planted to soybean on the 
same day that the inoculum was applied and incorporated into the soil.  
Pseudomonadaceae Population Levels as an Indicator of Soil Suppressiveness 
Soil samples collected on June 7, 2004, May 11, 2005, and June 5, 2006 were stored at -20 
ºC until they could be assayed for the total number of indigenous pseudomonads using 
Quantitative real-time PCR (qPCR).  The soil samples used for pseudomonads quantification 
were collected using a 4.8 cm diameter soil corer pushed into the soil to a depth of 30 cm. Each 
core was cut into two depths segments, 0-15 cm and 15-30 cm (Ugarte, 2009; Ugarte and 
Wander, 2012). Only the 0-15 cm depth samples were used for Pseudomonas spp. quantification, 
and corresponding data from soil analyses are summarized in Table 2 and 3 (Ugarte, 2009, 
Ugarte and Wander, 2012).  Two soil cores were collected from planting beds in the vegetable 
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system; the 6th row from the edge of the plot in the cash grain system; and 1.83–2.44 m into the 
plot in the pasture system, the same distance into the plot as was used in the other two systems.  
Two cores from the same split-plot were combined into a composite sample (Ugarte, 2009, 
Ugarte and Wander, 2012).  Moist soil samples were frozen immediately at -20 
o
C after 
collecting until the extraction for DNA in August, 2007.   
Genomic DNA was extracted from 1.5 grams of each soil sample using the PowerSoil
®
 
DNA isolation kit (MO BIO Laboratories, Inc., Carlsbad, CA) following the manufacturer’s 
procedure, and then cleaned up with hexadecyltrimethylammonium bromide (CTAB) (Ausubel 
et al., 1995) as modified by Riesenfeld et al. (2004).  Briefly, the clean-up procedure included 
adjusting the NaCl concentration of DNA extract to 0.7 M, adding 0.1 volume of warm CTAB, 
and extracting with 1 volume of chloroform:isoamyl alcohol (24:1).  The supernatant was then 
precipitated with 2 volumes of cold 100% alcohol, and then washed with 70% alcohol.  The 
pellets were then resuspended in 100 l of sterile double-distilled water.  The DNA 
concentrations then were quantified by Nanodrop ND-1000 Spectrophotometer to confirm good 
quality and quantity of extracts.   
QPCR standards were made from a pure culture of Pseudomonas fluorescens pf-5 provided 
by Dr. Linda Thomashow, USDA-ARS at Washington State University.  A fresh single colony 
from 18-hr overnight incubation of pf-5 grown on Luria-Bertani (LB) agar was transferred to LB 
broth and allowed to incubate overnight on a shaker at 28°C. The culture broth was centrifuged 
to pellet the cells, which were then washed in phosphate buffered saline (PBS).  The pellet was 
resuspended in 750 l TE buffer and transferred to bead beating tubes (50/50 mix of 0.1mm 
zirconia beads and 0.5mm zirconia beads from Biospec in 2.0 ml screw cap tubes from Fisher 
Scientific).  Following cell disruption in the bead beating apparatus, the resulting solution was 
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mixed using a vortex mixer on the highest speed for 2 minutes.  The solution was extracted with 
an equal volume of phenol/chloroform/isoamyl alcohol and extracted again with an equal volume 
of chloroform/isoamyl alcohol.  DNA was precipitated with 200 l of 10.5 M sodium acetate and 
900 l of isopropanol, and then was allowed to stand for 10 minutes at room temperature, and 
then for 2 hours at -80 
o
C.  DNA was centrifuged for 30 min at 12000 rpm.  The pellet was 
washed with 500 l of 70% ethanol and then resuspended in 200 l TE buffer.  The DNA extract 
was diluted ten times and measured by Nanodrop to be 140 ng/l after dilution.  Each 1.5 ml of 
2x10
8
 CFU/ml yielded 200 l extracts of 1400 ng/l in concentration.  Compared to a prior 
report by Khan and Yadav (2004), the extraction method used in the current study yielded 11.6 
times more DNA with good quality for qPCR.  5-fold dilutions of standards included 140 ng/l, 
28 ng/l, 5.6 ng/l, 1.12 ng/l, 0.224 ng/l, and 0.045 ng/l were used for the standard curves.  
A test run of the standard curve was run on the DNA extracted by the same procedure from soil 
spiked with pf-5 cells with 10-fold dilutions (1 ~ 10
-4
 x dilution), and qPCR was performed twice 
with resulting r
2
=0.98 that showed no inhibition of qPCR even though the DNA were extracted 
from soil. 
The target being amplified was a 440-bp region of the 16S rRNA gene, and it was reported 
suitable for specific detection of indigenous pseudomonads DNA in soil with competitive real-
time PCR (Johnsen et al., 1999).  They reported a primer pair that was Pseudomonadaceae-
specific, primer 9-27 (5’-GAG TTT GAT CCT GGC TCA G-3’) (Suzuki and Giovannoni, 1996) 
and primer PSMG (5’-CCT TCC TCC CAA CTT-3’) (Braun-Howland et al., 1993).  The same 
primer set was also shown to be suitable for quantifying pseudomonads in metalworking fluids 
by qPCR (Khan and Yadav, 2004).  The pair underwent specificity screening by RDP on March, 
2012 (Cole et al., 2009), and it was shown that they only target members of the family 
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Pseudomonadaceae.  Within this family, the genus Azomonas, the genus Pseudomonas, and 
unclassified Pseudomonadaceae were amplified in silico.  Johnsen et al. (1999) found that the 
results of selective media S1 are comparable to using this primer set targeting this 440 bp-region 
of 16S rRNA gene. Therefore, the primers (manufactured by Integrated DNA Technologies, Inc., 
Coralville, IA, USA) were chosen to be used in this study. A real time PCR reaction for total 
pseudomonads was performed with DNA engine Opticon
TM
 (MJ Research Inc., Alameda, CA) 
using a Qiagen QuantiTech SYBR green PCR kit following the manufacturer’s protocol except 
for cutting the reaction volume in half to be 25 l.  Sensitivity and reproducibility in qPCR were 
tested in parallel 25 l reactions containing 5-fold dilutions of pf-5 genomic DNA extracts were 
used for constructing the calibration curves every single run along with the unknown samples.  
Reaction mixture (25 l) consisted of 1 l of serial dilution of standards, 12.5 l of 
2xQuantiTech SYBR green master mix, Primer I and Primer II with final concentration 
empirically optimized to be 300 nM, and H2O to make up the total volume of 25 l.  Each 
sample had three repeated reactions in the same run.  PCR amplification program was set 
following the manufacturer’s protocol, except for the following modification: 30 seconds at 
50°C for annealing, and 30 seconds at 72°C for extension.  The number of cycles was 41.  At the 
end, the melting curve was generated from 60 – 95 oC, read every 0.2 oC increment, and hold 2 
seconds.  The melting curves and amplification curves were checked individually to make sure 
that the reactions were correct without error, and an agarose gel electrophoresis was run for each 
reaction to confirm the size of the amplicons.  The standard curves had slopes between -3.3 and -
3.4 and intercept around 17.  PCR efficiency calculated from the slopes were 97 ~100 %.  The r
2
 
threshold value of the standards was 98.5%.  Because the goal of my study was to do quantitative 
analysis using the data collected during exponential phase of PCR, instead of using the data 
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collected at end-point for qualitative assays, no absence/presence (minus/plus) assays were 
performed.  Data was analyzed using the software, Opticon Monitor
TM 
that also operates DNA 
engine Opticon
TM
 machine.  Cycle threshold values were determined using the adaptive baseline 
or automatic threshold settings of the instrument, with filter gain settings adequate to keep 
fluorescence detection within the dynamic range of the sensor.  ROX reference dye was readily 
included in each QuantiTect SYBR Green PCR Master Mix.  Negative-template-controls did not 
yield any amplification. 
The experimental layout was a split- plot in a randomized complete block design (RCBD) 
with four replications.  CS was the whole plot treatment with three levels as described before, 
and OA was the subplot treatment with three levels also as described before.  Pseudomonadaceae 
data was analyzed using PROC MIXED procedure of SAS.  Year, CS, and OA were treated as 
the fixed effects, whereas block was considered as a random effect.  The raw data was 
normalized with total DNA concentration of respective templates to represent the percentage of 
Pseudomonadaceae population among all the soil microbes.  There was no interaction found for 
YEAR*CS, YEAR*OA, and YEAR*CS*OA.  When covariance parameter estimates appeared to 
be negative or zero, the -2Log Likelihood test to compare successive reduced forms of the 
original models was used (Littell et al., 2002).   
The linear model used for the statistical analysis of the dependent variables was 
                                             
where, 
      = observation for the Pseudomonadaceae amount in the i
th
 CS with the k
th
 OA in the j
th
 
block in the l
th
 year. 
  = overall mean.   
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   = fixed effect of the i
th
 treatment of CS  (i=1, 2, 3).   
  = random effect of the j
th
 block (j=1, 2, 3, 4). 
         = whole-plot error effect assumed identically and independently distributed (i.i.d.) N(0, 
σe1
2
). 
   = fixed effect of the k
th
 treatment of OA(k=1, 2, 3). 
     = fixed interaction effect due to the k
th
 level of factor OA and i
th
 level of CS. 
         = subplot 1 error effect, assumed i.i.d. N(0, σe2
2
). 
    = fixed effect of the l
th
 YEAR (l=1, 2, 3). 
Errors 1 and 2 are assumed to be independent of one another. 
The matching SAS coding was as follows, 
proc mixed data=pseudomonads;  
class year block CS OA; 
model pf=year|CS|OA; 
random block; 
lsmeans year|CS|OA/diff adjust=Bon ; 
run; 
RESULTS AND DISCUSSION 
Rhizoctonia solani Greenhouse Bioassay 
Sterilizing soil samples consistently resulted in significantly higher levels of disease, 
verifying the biological nature of disease suppression (Table 4).  In 2003, no effect blocking was 
detected, and these values represent the baseline data before the treatments were in place (Table 
5).  Table 6 shows the summary of analysis of variance of treatment effects, and Table 7 shows 
the mean effects of cropping systems and organic amendments.  
Disease severity.  In 2004, there were no significant differences in disease severity on 
plants grown in soil samples taken from different cropping systems (Table 6).  However, plants 
grown in soil samples from compost amended areas had significantly higher disease severity 
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levels (based on lesion rating) (p<0.05) than did plants growing in soil from non-amended areas 
(Table 9).  In contrast to the suppressive effect of manure observed by Voland and Epstein 
(1994), no such suppressive effects of manure against R. solani were detected.  Instead, the leaf 
compost amendment was found to result in soils that were disease conducive, suggesting that R. 
solani is good saprobe, utilizing compost as substrate.  In a recent study (Noble, 2011), most of 
the compost formulations tested resulted in disease suppression, but a small percentage of them 
were conducive.  Even though the risk of promoting or introducing disease appeared to be small 
(Noble and Coventry, 2005; Noble et al., 2011), my result showed that there is indeed a risk 
associated with the application of a compost in the field.  Furthermore, Termorshuizen et al. 
(2007) showed that the relative suppressiveness of composts differed according to disease, which 
demonstrated that there is no single chemical or physical factor that predicts suppression of some 
diseases. 
In 2005, the cropping system was found to affect disease severity, with soil samples taken 
from the pasture system producing significantly higher severity of Rhizoctonia rot symptoms 
(Table 8), but the effect of organic amendments was not found to be significant (Table 9).  This 
finding agrees with findings those of others (Rovira, 1986; Weller et al., 1986) that showed that 
plant residues left standing or lying on the surface of soil, as was the case after we mowed the 
perennial grass system, are favorable for R. solani.  Schillinger and Paulitz (2006) found that 
adding a rotation of cereal crops suppressed the previously R. solani infested low-disturbance, 
no-till systems. Also, burying or incorporating residues in the vegetable and cash grain systems 
helps with the colonization of indigenous organisms, and thus is better in controlling R. solani.  
The other possible explanation was that brassica crops were grown in the previous growing 
season in the vegetable system and that cover crops were grown in both the vegetable and cash 
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grain systems, resulting in the difference.  Brassica crops are known for their pest suppressive 
effects and for producing biofumigants during their degradation. However, in this study the 
brassica crop residues were incorporated in the fall, months before planting, so the suppressive 
effect may have disappeared.  Cover crops were incorporated one week before soil sampling, and 
thus may have contributed to the relatively suppressive outcome of the vegetable and cash grain 
systems.  
In 2006, plants grown in soils from the vegetable system had lower disease severity levels 
as compared to those grown in soils from the cash grain system (p<0.05), and symptoms on 
plants grown in the pasture system soil were not different from those grown in soils from the 
other two systems (Table 8).  The effect of organic amendments was not significant (Table 9).  
The field plot areas in the vegetable system were planted with winter squash the previous year, 
while the areas in the cash grain system were planted with corn.  It is likely that the aboveground 
biomass remaining after the corn harvest added less labile organic matter than did the winter 
squash, so there was less for soil microbes to readily utilize as a substrate.  Thus, there may have 
been less organic matter mediated suppression associated with the cash grain system. 
In 2007, no significant differences in disease severity were detected resulting from either 
the cropping system or organic amendment treatments.  No significant interaction effect between 
the factors, cropping systems and organic amendments, was detected in any year (Table 6). 
Root characteristics.  In 2004, the cropping system effect was significant, in that 
soybeans grown in the soil samples taken from the cash grain system had significantly reduced 
root length and surface area compared to those grown in soils from the pasture and vegetable 
systems (p<0.05) (Table 8).  There were no significant effects from organic amendments on root 
characteristics detected in 2004 (Table 6).   
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In 2005, however, soybeans grown in the soil samples taken from the pasture system had 
significantly reduced root length, volume, surface area, and average root diameter (p<0.05) 
(Table 8).  Plant height, disease severity, and root characteristics all verified that soils from the 
pasture system were relatively less disease suppressive compared to soils from either the 
vegetable system or the cash grain system.  The lack of tillage in the pasture system, as well as 
the annual input of plant biomass resulted in an increase of soil fertility.  However, the mowed 
pasture residues on the soil surface may encourage the saprophytic growth of R. solani. 
In 2006, no effect from the cropping system or organic amendment treatments was found 
with regards to root characteristics, although plants grown in soils from the vegetable system 
were found to have lower disease severity levels as discussed earlier (Table 8).  This further 
shows the importance of combining both disease rating and root morphology to assess overall 
plant health.  There was no effect of cropping systems or organic amendments detected on plants 
grown in the 2007 soil samples.   
Plant height.  No differences were found in plant height resulting from the cropping 
system or organic amendment treatments in 2004, 2006, or 2007.  In 2005, the height of soybean 
plants grown in soil samples taken from the pasture system were significantly shorter than those 
grown in soils from other treatments, but organic amendments had no effect (Table 6).  This 
shorter height is consistent with smaller root systems that were observed associated with this 
treatment in 2005. 
Fusarium virguliforme Greenhouse Bioassay 
In the greenhouse, soils that were sterilized before testing consistently resulted in 
significantly higher levels of sudden death syndrome symptom severity, verifying the biological 
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nature of disease suppression (Table 12), as well as providing a baseline for standardization of 
the data. 
Foliar severity.  In 2004, 2006, and 2007, no effect from the cropping systems was found 
(Table 15), whereas in 2005, soybeans grown in soil samples taken from the pasture system had 
significantly higher foliage symptom severity (p<0.05) (Table 16), suggesting that vegetable and 
cash grain systems resulted in relatively more suppressive soils.  In all years, no difference from 
organic amendments was found.     
Root characteristic.  No significant effect was found from the cropping systems in 2004, 
and no organic amendments effect was observed in any of the years (Table 15).  In 2005, despite 
reduced average root diameter in the pasture system, the average root volume was the smallest in 
the pasture system, indicating a more conducive soil, consistent with the foliar symptom results 
for 2005. However, in 2006, plants grown in soil from the pasture system had increased root 
surface area and length (Table 16).  This may have been a consequence of poor cover crop 
growth in late fall of 2005 for the other two systems, meaning that the pasture system returned 
the most carbon back to the soil.  Since it is always hard to separate the confounding factors 
between plant nutrition and disease suppression, based on the results from the other bioassays, at 
the end of transition, soils from the pasture system likely had the highest fertility that provided 
the most abundant plant nutrition.  Again, in 2007, plants grown in soils from the pasture system 
turned out to have the greatest root length, surface area, and volume when compared to plants 
grown in soils from the other systems (Table 16).   
Plant height.  No significant effect of cropping systems or organic amendment on plant 
height was observed for any of the years, except for 2006, when soybean plants grown in soils 
from plots previously in the pasture and cash grain systems were taller than plant grown in soil 
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from the vegetable system plots.  The analysis of variance type 3 tests of fixed effects had a P 
value that was 0.09, but after Bonferroni adjustment, the P value was greater than 0.10.  This is, 
however, an indication that the vegetable system may result in soils that are marginally more 
conducive to SDS, based on the plant height data. 
Root discoloration.  In 2004, 2006, and 2007, there was no observed effect of cropping 
system on root discoloration resulting from infection by F. virguliforme. However, in 2005, 
soybeans grown in soil from the vegetable system had significantly less root discoloration 
(p<0.05) (Table 16).  This is consistent with foliar severity data that showed that the vegetable 
system resulted in relatively more suppressive soil to SDS. No difference resulting from the 
organic amendments was detected in any of the years (Table 15).   
In summary, soil samples taken from the pasture system had higher foliar severity in 2005, 
but based on the root characteristics, samples taken from the pasture system may have had 
healthier root systems in 2006 and 2007, suggesting a possible development of organic matter 
mediated suppression of SDS by the end of transition. 
Pathogen Infested Field Assay 
Soybean plants growing in the R. solani infested plots started showing the symptoms of 
lower rates of seedling emergence compared to the negative control plots as early as one week 
after planting on May 31, 2007. Plants growing without infestation did not show similar 
reductions in emergence (Table 10).   Based on the emergence two weeks after planting, no 
cropping system effect was detected (Table 11).  However, an effect of organic amendment 
(p<0.05) was found, as emergence in manure-amended subplots were significantly higher than 
those of the plots receiving the other amendment treatments (Table 10).  This result shows that 
manure induced suppression of seedling blight caused by R. solani.  Neither CS treatment nor 
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OA treatments significantly affected plant height, lesion length, or root characteristics of these 
three-week old plants (Table 11).   
Pseudomonadaceae Population Levels as Indicator of Soil Suppressiveness 
 
Direct qPCR data was standardized by normalizing the qPCR values with the 
concentration of corresponding total DNA extracts (Table 19).  Both the “cropping system” as 
the fixed effect for the whole-plot factor and “organic amendment” as the fixed effect for sub-
plot factor did not have significant effects on the amount of Pseudomonadaceae (Table 20).  
However, year as the fixed factor had a significant effect on the population levels of 
Pseudomonadaceae, in that the levels increased significantly towards the end of transition in 
2006.  The normalized value in 2006 was significantly higher than the values in either 2005 or 
2004, whereas there were no differences between the population levels in 2004 and 2005 (Table 
21).   
Significant decreases in severity ratings for R. solani and F. virguliforme assays over the 
transition/post-transition period may be explainable by the significant increase in 
Pseudomonadaceae population levels (Table 21).  An increase in FDA (Table 2 and 3) from the 
same plots was also found by Ugarte (2009) and Ugarte and Wander (2012) with a similar trend 
as Pseudomonadaceae population levels.  In a recent study by Mendes et al. (2011), a 16S rRNA 
microarray was used to identify key prokaryotic community members in the rhizosphere of 
plants grown in a soil that was suppressive to R. solani.  Their analysis showed that -
Proteobacteria, especially the Pseudomonadaceae, played a prominent role in soil suppression of 
R. solani.  They also found the lack of activity of individual isolates on disease suppression and 
suggested that many organisms in combination are associated with the suppression.  In my study, 
the amount of Pseudomonadaceae in the bulk soil were associated with the disease severity for 
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both pathosystems studied, indicating that the relative abundance of this group of -
Proteobacteria may serve as an indicator for general suppression. 
Summary 
To summarize, the disease suppression of R. solani and F. virguliforme are biological in 
origin for the field soil samples studied.  Overtime, there was suppression developed shown in 
disease severity ratings from the greenhouse data.  Adopting pasture as the transitional cropping 
system may promote organic matter mediated general suppression of diseases caused by 
facultative saprophytes (e.g., F. virguliforme), while encouraging diseases caused by facultative 
parasites (e.g., R. solani). Over the course of the transition period, Pseudomonadaceae doubled 
as the result of the treatments which indicates that soil health and suppressiveness were improved.  
More study is needed to compare this measurement to the other existing indicators for soil 
suppressiveness.
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TABLES 
Table 2. Changes in soil characteristics during the three-year organic transition period.  Samples were collected from 0-15 cm of the 
soil profile. 
Soil property 2003 2004 2005 2006 
TC (%) 2.2 a . . 2.2 a 
TN (%) 0.18 a . . 0.18 a 
Available P (ppm) 53 a

 . . 62 b 
Exchangeable K (ppm) 162 a . . 247 b 
Ca (ppm) 2186 a . . 3041 b 
Mg (ppm) 233 a . . 311 b 
pH (0-15 cm) 6.76 a . . 6.81 a 
FDA (g FDA g-1 soil h-1) . 17.5 a 19.3 a 27.7 b 
POM-C (%) . 2.4 a 3.0 b 3.5 c 
POM-N (%) . 0.11 a 0.15 b 0.17 c 
POM-C/N ratio . 23.4 a 20.6 a 21.6 a 
TC: total carbon analyzed by dry combustion elemental analyzer. 
TN: total nitrogen analyzed by dry combustion elemental analyzer. 
FDA: fluorescein diacetate hydrolytic activity, indicating overall microbial activity potential for lipase, protease, esterase enzymatic 
activities. 
POM: particulate organic matter. 
Means followed by different letters in the same row are significantly different at =0.1.  
Source: adapted from Ugarte (2009) and Ugarte and Wander (2012).  
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Table 3. Summary of analysis of variance for soil characteristics, particulate organic matter, and microbial activity resulting from 
organic transition strategies. 
CS TC TN P K Ca Mg pH FDA POM-N POM-C POM-C/N ratio 
 % % ppm ppm ppm ppm  g FDA g-1 soil h-1 % %  
P 2.4 0.19 59.8 236.4 2731 309 6.8 24.4 a 0.16 a 3.2 a 20.5 a 
V 2.4 0.19 59.1 209.4 2673 273 6.8 20.0 b 0.14 b 2.8 b 20.8 a 
G 2.2 0.17 53.6 197.9 2532 268 6.8 20.2 b 0.13 b 2.9 b 24.2 b 
OA            
C 2.3 0.19 58.9 219.8 2572 274 6.8 19.5 A 0.16 A 3.2 A 20.3 A 
N 2.3 0.19 57.9 210.4 2720 281 6.8 20.4 A 0.12 B 2.6 B 22.8 A 
M 2.3 0.18 55.6 213.4 2644 294 6.8 24.8 B 0.15 A 3.2 A 22.5 A 
FDA: fluorescein diacetate hydrolytic activity, indicating overall microbial activity potential for lipase, protease, esterase enzymatic 
activities. 
POM: particulate organic matter. 
CS: cropping systems (P: perennial pasture; V: vegetable; G: cash grain) 
OA: organic amendment (C: compost; N: non-composted; M: manure) 
Means followed by different letters in the same row for the same case of capital are significantly different at =0.1.  
No significant differences found for TC, TN, P, K, Ca, Mg, pH, as the result of CS and OA treatments. 
Source: adapted from Ugarte (2009) and Ugarte and Wander (2012).  
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Table 4. Disease severity and root characteristics of plants grown in autoclaved and non-autoclaved field soils collected in 2003 and 
infested with Rhizoctonia solani for use in greenhouse bioassays. 
   Root Characteristics
a 
Soil Treatment
b 
Severity
c 
(%) 
Plant Height 
(cm) 
Length 
(cm) 
Surface Area 
(cm
2) 
Diameter 
(mm) 
Volume 
(cm
3
) 
Autoclaved
d
 82.1  10.13  60.5  10.7  0.67  0.16  
Non-autoclaved 10.9  19.76  266.8  35.9  0.46  0.39  
a
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
b
  Field soils were autoclaved at 121 
o
C for 1 hour on two successive days prior to infestation with R. solani.  
c
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
d
 Significant between autoclaved and non-autoclaved for all the variables. 
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Table 5. Standardized baseline data from 2003 before cropping system and amendment treatments on soil samples infested with 
Rhizoctonia solani for use in greenhouse bioassays.  
Standardized score (raw data)
a
 
Block
b
 
Severity 
(%) 
Height 
(cm) 
 Length 
(cm) 
Surface Area 
(cm
2
) 
Average 
Diameter 
(mm) 
Volume 
(cm
3
) 
1 -6.19 (13.7) 5.0 (21.1)  3.80 (239.6) 3.41 (31.0) -1.25 (0.41) 2.86 (0.32) 
2 -4.11 (5.4) 3.7 (23.11)  3.02 (229.2) 2.55 (31.3) -0.48 (0.46) 2.06 (0.35) 
3 -4.11 (5.3) 3.6 (22.9)  2.61 (242.8) 2.16 (31.2) -0.73 (0.44) 1.58 (0.33) 
4 -4.41 (1.6) 3.4 (22.9)  2.63 (228.9) 2.01 (28.9) -0.89 (0.42) 1.33 (0.30) 
a
  Data was transformed as a Z-score where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples.  Data between the 
parentheses was the raw data. 
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Table 6.  Summary of analysis of variance of effects of cropping systems and organic amendments on standardized scores for disease 
severity, plant height, and root characteristics (length, average diameter, surface area, and volume) of soybean plants grown in soil 
infested with Rhizoctonia solani. 
Year
d
 Effect
b
 Plant  Root
a
 
  Severity
c
 Height  Length Surface area Average diameter Volume 
2003 Block NS NS  NS NS NS NS 
2004 CS NS NS  ** ** NS NS 
 OA * NS  NS NS NS NS 
 CS*OA NS NS  NS NS NS NS  
2005 CS *** **  ** *** ** *** 
 OA NS NS  NS NS NS NS 
 CS*OA NS NS  NS NS NS NS 
2006 CS ** NS  NS NS NS NS 
 OA NS NS  NS NS NS NS 
 CS*OA NS NS  NS NS NS NS 
2007 CS NS NS  NS NS NS NS 
 OA NS NS  NS NS NS NS 
 CS*OA NS NS  NS NS NS NS 
*** Significant at the 0.001 probability level. 
**Significant at the 0.05 probability level. 
* Significant at the 0.1 probability level. 
a
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
b  
Cropping System: CS (perennial pasture, cash grain, vegetable); Organic Amendment: OA (non-amended, compost, manure). 
c
  Disease severity was measured based on lesion length and numbers and whether it was girdled. 
d
  Samples were collected in the spring at the time of planting.
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Table 7. Mean effects of cropping systems and organic amendments on standardized scores (z-scores) for severity, plant height and 
root characteristics (length, average diameter, surface area, and volume) of soybean plants grown in soil infested with Rhizoctonia 
solani. 
    Standardized score (raw data) 
Year
a
 CS
b
 OA
c
  Plant  Root 
   Severity
d 
(%) Height (cm)  Length (cm) Surface area (cm
2
) Average diameter (mm) Volume (cm
3
) 
1 V C -1.63 (26.3) 2.91 (22.4)  3.06 (172.1) 2.35 (21.7) 0.71 (0.44) 2.36 (0.24) 
 N -1.83 (19.8) 2.70 (21.6)  4.16 (221.8) 3.17 (27.2) 0.78 (0.45) 3.23 (0.30) 
 M -1.64 (25.0) 2.13 (19.1)  5.66 (277.8) 4.28 (33.1) 0.24 (0.37) 3.67 (0.33) 
 P C -1.53 (29.2) 2.60 (22.4)  5.06 (246.4) 3.89 (30.2) 0.66 (0.43) 3.15 (0.29) 
 N -1.94 (17.1) 2.89 (22.4)  5.30 (263.7) 3.65 (29.7) 0.55 (0.42) 3.65 (0.32) 
 M -1.93 (18.1) 2.79 (21.8)  4.20 (219.0) 3.29 (27.1) 0.47 (0.41) 2.89 (0.28) 
 G C -1.24 (32.8) 1.97 (18.5)  1.89 (137.5) 1.98 (20.8) 0.63 (0.42) 2.14 (0.25) 
 N -2.01 (16.6) 2.60 (21.1)  2.35 (150.4) 2.14 (21.2) 0.84 (0.46) 2.74 (0.27) 
 M -1.98 (15.9) 2.49 (20.6)  2.33 (171.9) 2.50 (25.4) 1.01 (0.48) 2.45 (0.26) 
2 V C -1.87 (14.4) 1.63 (15.5)  3.64 (206.3) 3.36 (28.1) 1.15 (0.46) 3.05 (0.31) 
 N -2.03 (10.6) 1.75 (16.0)  3.61 (204.3) 3.23 (27.2) 1.23 (0.47) 2.91 (0.30) 
 M -1.85 (14.8) 1.56 (15.2)  2.71 (168.2) 2.66 (23.9) 1.35 (0.48) 2.59 (0.28) 
 P C -1.40 (24.5) 1.51 (15.2)  2.28 (150.8) 2.01 (20.4) 1.07 (0.45) 1.75 (0.22) 
 N -0.96 (36.1) 1.07 (13.0)  1.25 (108.3) 1.09 (14.9) 0.86 (0.41) 0.92 (0.17) 
 M -1.53 (22.3) 1.23 (13.7)  2.47 (158.3) 2.32 (22.0) 1.20 (0.46) 2.18 (0.25) 
 G C -2.05 (10.3) 1.74 (16.0)  3.51 (198.9) 3.68 (29.5) 1.43 (0.50) 3.79 (0.35) 
 N -1.93 (12.8) 1.87 (16.8)  4.01 (220.3) 3.97 (31.4) 1.25 (0.47) 3.82 (0.36) 
 M -1.79 (16.4) 1.77 (16.3)  3.14 (186.0) 3.43 (28.5) 1.54 (0.51) 3.72 (0.35) 
3 V C -2.81 (3.9) 2.20 (16.3)  10.39 (417.2) 8.21 (52.9) -0.76 (0.40) 5.95 (0.54) 
 N -2.77 (4.7) 2.06 (15.8)  8.47 (351.2) 6.79 (45.4) -0.69 (0.41) 4.97 (0.47) 
 M -2.33 (13.0) 1.98 (15.5)  7.91 (322.7) 6.25 (42.1) -0.70 (0.41) 4.49 (0.44) 
Table is continued at the next page.  Footnotes are included at the bottom of next page.
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Table 7 (continued).  Mean effects of cropping intensities and organic amendments on standardized scores for severity, plant height 
and root characteristics (length, average diameter, surface area, and volume) of soybean plants grown in soil infested with Rhizoctonia 
solani. 
    Standardized score (raw data)
e
 
Year
a
 CS
b
 OA
c
  Plant  Root 
   Severity
d 
(%) Height (cm)  Length (cm) Surface area (cm
2
) Average diameter (mm) Volume (cm
3
) 
3 P C -2.44 (10.9) 2.61 (17.8)  8.16 (332.8) 6.80 (45.1) -0.57 (0.42) 5.23 (0.49) 
 N -2.14 (16.9) 2.01 (15.7)  7.19 (301.3) 5.87 (40.3) -0.65 (0.41) 4.35 (0.43) 
 M -2.50 (10.2) 2.02 (15.7)  7.82 (327.7) 6.52 (44.0) -0.68 (0.41) 5.01 (0.48) 
 G C -2.28 (14.8) 2.06 (15.7)  8.27 (335.5) 6.56 (43.7) -0.95 (0.37) 4.76 (0.46) 
 N -2.11 (18.2) 1.74 (14.7)  6.43 (268.0) 5.30 (36.8) -0.47 (0.44) 4.01 (0.41) 
 M -2.19 (15.6) 1.71 (14.7)  9.73 (383.8) 8.03 (51.3) -0.73 (0.40) 6.08 (0.55) 
4 V N 0.44 (40.6) 0.03 (8.1)  -0.29 (114.0) -0.26 (18.1) -0.05 (0.39) -0.15 (0.23) 
 C -0.06 (30.2) 0.12 (8.6)  0.33 (142.0) 0.35 (21.8) -0.35 (0.36) 0.33 (0.27) 
 M -0.02 (31.0) 0.70 (9.7)  -0.06 (117.1) 0.01 (18.6) 0.17 (0.40) 0.06 (0.24) 
 P N 0.05 (32.6) -0.54 (7.1)  -0.39 (104.3) -0.37 (16.4) -0.16 (0.38) -0.34 (0.21) 
 C -0.57 (21.6) 0.25 (8.4)  0.48 (146.6) 0.34 (21.2) 0.42 (0.43) 0.25 (0.26) 
 M 0.17 (37.5) -0.32 (7.4)  -0.43 (96.4) -0.49 (14.9) -0.17 (0.36) -0.54 (0.19) 
 G N -0.31 (25) 0.25 (8.6)  0.48 (144.1) 0.48 (22.0) 0.09 (0.40) 0.42 (0.27) 
 C 0.34 (38.8) -0.28 (7.1)  -0.38 (98.3) -0.32 (16.0) 0.04 (0.39) -0.27 (0.21) 
 M -0.10 (29.4) -0.19 (7.4)  0.25 (125.8) 0.26 (19.4) 0.03 (0.39) 0.21 (0.24) 
a  
Samples were collected in the spring at the time of planting. Year: 1 =2004; 2=2005; 3=2006; 4=2007.
 
 
b
  CS (Cropping system treatments): pasture, cash grain, vegetable 
c
  OA (Soil Fertility Amendment treatments): compost, manure, non-amended 
d
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
e
  Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. Numbers between the 
parentheses are raw data without the Z-score transformation.
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Table 8. Mean effect of cropping system on disease severity and growth characteristics of plants grown in soil infested with 
Rhizoctonia solani. 
 Standardized scores (raw data)
d
 
Year
a
 CS
b
 Plant   Root 
  Severity
c %) Height (cm)  Length (cm) Surface area cm2) Average diameter (mm) Volume (cm3) 
1 V -1.7 (23.7) a 2.6 (21.1) a  4.3 (223.9) a 3.3 (27.3) a 0.58 (0.42) a 3.09 (0.29) a 
 P -1.8 (21.5) a 2.8 (21.8) a  4.9 (243.0) a 3.6 (29.0) a 0.56 (0.42) a 3.23 (0.30) a 
 G -1.7 (21.8) a 2.4 (20.1) a  2.2 (153.3) b 2.2 (22.5) b 0.83 (0.45) a 2.44 (0.26) a 
2 V -1.9 (13.3) a 1.6 (20.1) a  3.3 (192.9) a 3.1 (26.4) a 1.25 (0.47) ab 2.85 (0.30) a 
 P -1.3 (27.6) b 1.3 (16.3) b  2.0 (139.1) b 1.8 (19.1) b 1.04 (0.44) a 1.62 (0.21) b 
 G -1.9 (13.2) a 1.8 (15.0) a  3.6 (201.7) a 3.7 (29.8) a 1.40 (0.49) b 3.78 (0.35) c 
3 V -2.6 (7.2) a 2.1 0.30 (8.6) a  8.9 (363.7) a 7.1 (46.8) a -0.71 (0.41) a 5.14 (0.48) a 
 P -2.4 (12.7) ab 2.2 (7.6) a  7.7 (320.6) a 6.4 (43.1) a -0.63 (0.41) a 4.86 (0.47) a 
 G -2.2 (16.2) b 1.8 (7.6) a  8.1 (329.1) a 6.6 (43.9) a -0.71 (0.40) a 4.95 (0.47) a 
4 V 0.12 (33.9) a 0.3 (8.9) a  -0.003 (124.4) a 0.03 (19.5) a -0.08 (0.38) a 0.08 (0.25) a 
 P -0.11 (30.6) a -0.2 (7.6) a  -0.11 (115.8) a -0.17 (19.4) a 0.03 (0.39) a -0.21 (0.22) a 
 G -0.02 (31.1) a -0.07 (7.6) a  0.12 (122.7) a 0.14 (19.1) a 0.05 (0.39) a 0.12 (0.24) a 
 
Means followed by different letters in the same column are significantly different at =0.10. 
a  
Samples were collected in the spring at the time of planting. Year: 1 =2004; 2=2005; 3=2006; 4=2007.
 
 
b
  CS (Cropping system treatments): 
P (pasture): perennial grass/legume forage mix (2003-2005) 
G (cash grains): soybeans (2003), wheat (2004), and corn (2005) 
V (vegetables): tomato (2003), brassica (broccoli and cabbage: 2004), winter squash (2005) 
c
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
 d
 Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. Numbers between the 
parentheses are raw data without the Z-score transformation.
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Table 9. Mean effect of organic amendments on disease severity and growth characteristics on plant growing in soil infested with 
Rhizoctonia solani. 
Standardized score (raw data)
d
 
Year
a
 OA
b
 Plant  Root 
  Severity
c 
 Height
 
  Length
 
 Surface area
 
 Average diameter
 
 Volume
 
 
1 C -1.47 (29.4) a 2.49 (20.6) a  3.3 (185.4) a 2.7 (24.2) a 0.67 (0.43) a 2.55 (0.26) a 
 N -1.93 (17.8) b 2.72 (21.6) a  3.9 (212.0) a 3.0 (26.0) a 0.72 (0.44) a 3.21 (0.30) a 
 M -1.85 (19.7) ab 2.47 (20.6) a  4.1 (214.5) a 3.4 (27.7) a 0.57 (0.42) a 3.00 (0.29) a 
2 C -1.77 (16.4) a 1.62 (15.7) a  3.1 (185.3) a 3.0 (26.0) a 1.22 (0.47) a 2.86 (0.30) a 
 N -1.64 (19.8) a 1.56 (15.2) a  3.0 (177.6) a 2.8 (24.5) a 1.11 (0.45) a 2.55 (0.28) a 
 M -1.73 (17.9) a 1.52 (15.0) a  2.8 (170.8) a 2.8 (24.8) a 1.36 (0.48) a 2.83 (0.29) a 
3 C -2.51 (9.9) a 2.29 (16.5) a  8.9 (361.8) a 7.2 (47.2) a -0.76 (0.40) a 5.31 (0.50) a 
 N -2.34 (13.3) a 1.92 (15.2) a  7.4 (306.8) a 6.0 (40.8) a -0.60 (0.42) a 4.44 (0.44) a 
 M -2.34 (12.9) a 2.20 (15.2) a  8.5 (344.7) a 6.9 (45.8) a -0.70 (0.40) a 5.19 (0.49) a 
4 C  -0.10 (29.5) a 0.03 (8.1) a  -0.15 (129.0) a 0.12 (19.7) a 0.04 (0.40) a 0.10 (0.25) a 
 N 0.06 (32.7) a -0.08 (8.1) a  -0.07 (120.8) a -0.05 (18.9) a -0.04 (0.39) a -0.03 (0.24) a 
 M 0.02 (31.9) a 0.07 (8.1) a  -0.08 (113.3) a -0.08 (17.7) a 0.01 (0.39) a -0.09 (0.22) a 
 
Means followed by different letters in the same column are significantly different at =0.10. 
a  
Samples were collected in the spring at the time of planting. Year: 1 =2004; 2=2005; 3=2006; 4=2007.
 
 
b
  OA (Soil Fertility Amendment treatments) 
Compost: cover crop + composted leaf 
Manure: cover crop + raw manure 
None: cover crop only
  
c
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
d
  Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. Numbers between the 
parentheses are raw data without the Z-score transformation. 
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Table 10. Mean effect of organic amendment on seedling emergence evaluated two weeks after planting for soybeans grown in non-
infested and Rhizoctonia solani infested soil in 2007 as the second post-transition field assay. 
OA
b
 Non-
infested 
Emergence 
(%) 
 Infested 
Emergence 
(%) 
C 88.3 a  36.8 a

N 75.4 a  38.0 ab 
M 77.9 a  45.7 b 

Means followed by different letters in the same columns are significantly different at =0.05. 
b
  Organic amendments (OA) = cover crop alone (N), compost with cover crop (C), and manure with cover crop (M). 
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Table 11. Analysis of variance summary for organic management effects on seedling emergence, lesion, root characteristics, and plant 
height in the Rhizoctonia solani infested soil in 2007 as the second post-transition field assay. 
Effect Emergence
d
 Lesion numbers and length
c
 Root characteristics
c
 Plant height
c
 
CS
a
 NS NS NS NS 
OA
b
 *** NS NS NS 
CS*OA ** NS NS NS 
*** Significant at P=0.05 level.  ** Significant at P=0.10 level. 
a  
CS = cropping systems
  
b  
OA = Organic amendments
  
c
  Plants harvested with intact roots from the field three weeks after planting.  Roots were scanned and analyzed using WinRHIZO
®
. 
d
  Emergence rate taken two weeks after planting. 
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Table 12. Disease severity and root characteristics of plants grown in autoclaved and non-autoclaved field soils collected in 2003 and 
infested with Fusarium virguliforme for use in greenhouse bioassays. 
  Root Characteristics
a 
Soil Treatment
b 
Severity
c 
(%) 
Length 
(cm) 
Surface Area 
(cm
2) 
Diameter 
(mm) 
Volume 
(cm
3
) 
Autoclaved
d
 58.9  584.9  74.0  0.45  0.78  
Non-autoclaved 16.0  917.2  106.8  0.38  1.00  
a
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
b
  Field soils were autoclaved at 121 
o
C for 1 hour on two successive days prior to infestation with R. solani.  
c
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
d
  Differences between autoclaved and non-autoclaved treatments for all the variables were statistically significant. 
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Table 13. Standardized baseline data from 2003, before cropping system and amendment treatments, on soil samples infested with 
Fusarium virguliforme for use in greenhouse bioassays. 
 Standardized score (raw data)
a
 
Block Severity 
(%) 
Length 
(cm) 
Surface area 
(cm
2
) 
Average Diameter 
(mm) 
Volume 
(cm
3
) 
Root discoloration 
(%) 
1 -1.31 (21.7) 0.56 (848.7) 0.45 (125.3) -0.57 (0.40) 0.36 (1.28) -0.21 (58.8) 
2 -1.14 (24.8) 0.40 (782.1) 0.41 (94.1) -0.44 (0.39) 0.40 (0.91) -0.92 (48.3) 
3 -1.44 (19.7) 0.70 (879.6) 0.53 (98.3) -0.75 (0.37) 0.34 (0.88) -0.46 (56.0) 
4 -1.44 (18.5) 0.74 (904.4) 0.67 (107.1) -0.61 (0.38) 0.57 (1.02) -1.21 (43.5) 
a
  Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. Numbers between the 
parentheses are raw data without the Z-score transformation.  
  
72 
 
Table 14. Mean effects of cropping systems and organic amendments on standardized scores for disease severity, plant health and root 
characteristics (length, average diameter, surface area, and column) of soybean plants grown in soil infested with Fusarium 
virguliforme. 
Year
a
 CS
b
 OA
c
 Standardized scores (raw data)
e
 
   Severity
d
 Plant height
f
 Root length
f
 Surface area
f
 Avgdiam
f
 Volume
f
 Rdisc
g
 
1 V N -5.81 (20) 6.00 (37.3) 2.12 (292.1) 2.65 (34.8) -1.12 (0.40) 2.97 (0.33) -3.74 (52.5) 
M -4.70 (31.3) 4.89 (33.0) 3.05 (373.3) 3.25 (39.7) -1.43 (0.35) 3.09 (0.34) -4.27 (47.2) 
C -6.81 (9.9) 6.98 (41.4) 1.96 277.7) 2.38 (32.5) -1.27 (0.38) 2.54 (0.31) -3.95 (50.4) 
G 
 
N -5.24 (25.7) 4.75 (32.5) 2.08 (288.5) 2.82 (36.1) -0.99 (0.42) 3.50 (0.37) -2.71 (62.7) 
M -6.49 (13.1) 6.99 (41.4) 2.53 (328.1) 3.34 (40.5) -1.19 (0.39) 3.96 (0.40) -4.14 (48.5) 
C -6.68 (11.3) 6.49 (39.4) 3.37 (401.1) 4.23 (47.9) -1.14 (0.39) 4.86 (0.46) -3.78 (52.1) 
P C -4.36 (34.7) 6.31 (38.6) 1.93 (275.3) 2.10 (30.2) -0.98 (0.42) 2.09 (0.27) -3.17 (58.1) 
N -4.85 (29.7) 7.12 (41.9) 2.96 (365.6) 3.35 (40.6) -1.28 (0.37) 3.44 (0.37) -3.70 (52.8) 
M -5.28 (25.3) 5.55 (35.6) 3.06 (374.1) 3.69 (43.4) -1.18 (0.39) 4.03 (0.41) -3.26 (57.2) 
2 V C -2.34 (9.4) 1.31 (38.4) 0.50 (522.1) 0.29 (53.7) -0.68 (0.34) 0.12 (0.45) -1.46 (31.4) 
N -2.62 (4.8) 1.09 (37.3) 0.75 (558.7) 0.57 (57.6) -0.79 (0.33) 0.41 (0.48) -1.70  (27.2) 
M -2.42 (6.8) 0.74 (36.8) 0.58 (576.0) 0.40 (60.8) -0.70 (0.33) 0.24 (0.52) -1.56 (29.3) 
G C -2.46 (7.3) 1.81 (39.9) 0.75 (575.7) 0.69 (63.2) -0.16 (0.35) 0.63 (0.56) -0.83 (40.9) 
N -2.42 (8.0) 1.14 (37.3) 0.98 (627.7) 0.79 (66.9) -0.28 (0.35) 0.64 (0.58) -0.75 (42.0) 
M -2.61 (5) 1.23 (38.1) -0.09 (413.5) -0.14 (44.2) -0.32 (0.35) -0.16 (0.38) -0.57 (44.5) 
P 
 
C -2.10 (13.1) 0.48 (34.8) 0.39 (512.4) 0.12 (50.6) -1.05 (0.32) -0.07 (0.41) -1.01 (37.7) 
N -2.34 (9.2) 1.47 (39.1) 1.31 (651.1) 0.84 (61.8) -1.42 (0.31) 0.47 (0.48) -1.09 (36.4) 
M -1.54 (21.7) 1.11 (37.3) 0.92 (588.3) 0.64 (59.7) -0.86 (0.33) 0.41 (0.50) -0.88 (39.2) 
Table continued next page with footnotes.
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Table 14 (continued). Effects of cropping intensities and organic amendments on standardized scores for soybeans in bioassay 
experiments using soils infested with Fusarium virguliforme (SDS causal agent) for comparison from years 2004-2007. 
Year CS Standardized scores (raw data) 
  OA Severity Plant height Root length Surface area Average diameter Volume Rdisc 
3 V Compost -1.46 (8.0) 0.45 (21.8) 0.44 (464.7) -0.29 (53.4) -1.89 (0.37) -0.85 (0.50) -2.63 (13.0) 
 None -1.16 (14.3) 0.35 (22.4) 0.17 (416.4) -0.41 (49.9) -1.45 (0.39) -0.86 (0.49) -2.30 (18.3) 
 Manure -1.50 (6.7) 0.37 (21.8) 0.54 (469.1) 0.04 (57.6) -1.58 (0.38) -0.34 (0.58) -2.64 (13.3) 
 G  Compost -1.38 (9.4) 0.80 (22.4) 0.67 (465.8) -0.09 (54.1) -1.68 (0.38) -0.66 (0.52) -2.38 (16.3) 
 None -1.19 (13.5) 1.10 (23.4) 0.13 (426.1) -0.45 (51.1) -1.78 (0.37) -0.85 (0.50) -2.03 (20.5) 
 Manure -1.32 (10.5) 0.98 (23.4) 0.25 (424.2) -0.53 (48.6) -1.97 (0.36) -1.07 (0.46) -1.47 (28.4) 
 P Compost -1.28 (11.6) 1.11 (23.9) 1.03 (509.3) 0.50 (62.7) -1.43 (0.39) 0.05 (0.63) -1.41 (29.6) 
 None -1.43 (8.3) 1.24 (24.6) 1.02 (502.4) 0.42 (60.5) -1.48 (0.39) -0.10 (0.60) -1.92 (22.8) 
 Manure -1.21 (13.0) 0.62 (22.1) 1.15 (536.0) 0.50 (64.2) -1.65 (0.38) 0.01 (0.63) -2.52 (14.2) 
4 V Compost -0.99 (1.7) -0.71 (11.9) -1.31 (154.1) -1.61 (18.9) -1.05 (0.40) -1.62 (0.19) -3.56 (2.5) 
 None -0.88 (4.9) 0.11 (14.0) 0.60 (257.1) -0.12 (30.7) -1.68 (0.39) -0.54 (0.30) -3.35 (2.5) 
 Manure -0.99 (2.1) -0.16 (13.5) -0.77 (191.2) -0.84 (25.5) -0.43 (0.43) -0.73 (0.27) -3.36 (2.7) 
 G Compost -0.61 (5) 0.10 (14.0) 1.34 (300.9) 0.71 (37.2) -1.16 (0.40) 0.34 (0.37) -2.66 (11.0) 
 None -0.62 (8.5) -0.58 (12.7) -0.28 (223.6) -0.84 (26.5) -0.73 (0.42) -0.89 (0.27) -3.09 (4.2) 
 Manure -0.52 (5.8) -0.57 (12.7) 0.88 (280.1) 0.42 (35.9) -1.12 (0.41) -0.01 (0.37) -2.33 (14.4) 
 P Compost -1.09 (2.9) 0.23 (15.0) 0.43 (288.1) -0.28 (34.9) -1.70 (0.38) -0.73 (0.34) -2.35 (5.8) 
 None -0.66 (4.8) -0.54 (13.0) 0.36 (263.2) 0.16 (34.8) -0.70 (0.42) 0.03 (0.37) -2.89 (5.0) 
 Manure -0.41 (6.7) -0.49 (13.2) 1.20 (315.9) 0.08 (35.8) -2.23 (0.36) -0.59 (0.33) -2.79 (4.25) 
a  
Samples were collected in the spring at the time of planting. Year: 1 =2004; 2=2005; 3=2006; 4=2007.
 
 
b
  CS (Cropping system treatments): pasture, cash grain, vegetable 
c
  OA (Soil Fertility Amendment treatments): pasture, cash grain, vegetable 
d
  Disease severity was measured based on lesion length and numbers and whether it was girdled on the stem near the soil line. 
e
  Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. Numbers between the 
parentheses are raw data without the Z-score transformation.   
f
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
g
  Rdisc: Root discoloration.
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Table 15. Summary of analysis of variance of effects of cropping system and organic amendments on standardized scores for disease 
severity, plant height, and root characteristics (length, average diameter, surface area, and volume) of soybean plants grown in soil 
infested with Fusarium virguliforme.  
Year
d
 Effect
b
 Plant  Root
a
  
  Severity
c
 Height  Length Surface area Average diameter Volume Discoloration 
2003 Block NS .  NS NS NS NS * 
2004 CS NS NS  NS NS NS NS NS 
 OA NS NS  NS NS NS NS NS 
 CS*OA NS *  NS NS NS NS NS 
2005 CS ** NS  NS ** ** NS ** 
 OA NS NS  NS NS NS NS NS 
 CS*OA NS NS  NS NS NS NS NS 
2006 CS NS *  NS NS NS ** NS 
 OA NS NS  NS NS NS NS NS 
 CS*OA NS NS  NS NS NS NS NS 
2007 CS NS NS  ** ** NS ** NS 
 OA NS NS  NS NS NS NS NS 
 CS*OA NS **  ** ** NS NS NS 
**Significant at the 0.05 probability level. 
* Significant at the 0.10 probability level. 
a
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
b  
Cropping System: CS, consisted of pasture, cash grain, and vegetable; Organic Amendment: OA, consisted of non-amended, 
compost, manure 
c
  Disease severity was measured based on foliar systems, interveinal chlorotic spots, and necrosis. 
d
  Samples were collected in the spring at the time of planting.
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Table 16. Mean effect of cropping system on disease severity and growth characteristics on plant growing in soil infested with 
Fusarium virguliforme. 
Standardized score (raw data)
f
 
Year
a
 CS
b
 Severity
c
 Average diameter
d
 Discoloration
e
 
2005 V -2.78 (7.1) a -0.73 (0.33) ab -1.56 (29.6) a 
 P -2.00 (14.7) b -1.11 (0.32) b -1.00 (37.8) ab 
 G -2.5 (6.8) a -0.26 (0.35) a -0.72 (42.5) b 
  Surface area
d
  Volume
d
 
2006 V -0.22 (53.6) ab -0.68 (0.52) ab 
 P 0.47 (62.5) a -0.02 (0.62) a 
 G -0.36 (51.2) b -0.86 (0.49) b 
  Length
d
 Surface area
d
 Volume
d
 
2007 V -0.32 (207.1) a -1.01 (25.5) a -1.09 (0.25) a 
 P 0.71 (273.3) b 0.15 (34.1) b -0.26 (0.34) ab 
 G 0.68 (269.4) b 0.10 (33.2) b -0.19 (0.34) b 
a
  Samples were collected in the spring at the time of planting. 
 
b
  CS (Cropping system treatments): pasture, cash grain, vegetable 
c
  Disease severity was measured based on foliar systems, interveinal chlorotic spots, and necrosis. 
d
  Root characteristics determined from scanned images using the WinRHIZO
®
 software system. 
e
  Root systems were visually rated immediately after washing by recording the percentage of the root system showing discoloration.   
f
  Data was transformed as Z-scores where Z score = [raw value (of the individual non-autoclaved/inoculated samples) – mean of the 
values of the autoclaved inoculated samples] / standard deviation of the autoclaved/inoculated samples. 
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Table 17. Mean population levels of Pseudomonadaceae (standardized with the original total 
DNA template concentration, therefore unit-less) in the field soil quantified by 
Pseudomonadaceae-specific 16S rDNA normalized by dividing it with the DNA concentration 
used as the template.    
Year CS
a
 OA
b
 Pseudomonadaceae
c
 
2004 V N 0.0082 
C 0.0016 
M 0.0014 
P N 0.0239 
C 0.0100 
M 0.0045 
G N 0.0151 
C 0.0044 
M 0.0036 
2005 V N 0.0063 
C 0.0072 
M 0.0132 
P N 0.0042 
C 0.0158 
M 0.0038 
G N 0.0125 
C 0.0066 
M 0.0037 
2006 V N 0.0187 
C 0.0079 
M 0.0371 
P N 0.0166 
C 0.0045 
M 0.0114 
G N 0.0079 
C 0.0302 
M 0.0138 
a
  Cropping systems (CS) = pasture (P), cash grain (G), and vegetables (V). 
b
  Organic amendments (OA) = cover crop alone (N), compost with cover crop (C), and manure 
with cover crop (M). 
c
  Values were normalized by original total DNA template concentration. 
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Table 18. Analysis of variance summary for organic managements on Pseudomonadaceae 
population in the field soil. 
Effect ANOVA 
YEAR
a
 *** 
CS
b
 NS 
YEAR*CS NS 
OA
c
 NS 
YEAR*OA NS 
CS*OA NS 
YEAR*CS*OA NS 
*** Significant at P=0.01 level.  NS: not significant at P=0.10 level. 
a  
Samples were collected in the spring at the time of planting.  
b
  CS (Cropping system treatments): pasture, cash grain, vegetable 
c
  OA (Soil Fertility Amendment treatments): compost, manure, non-amended 
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Table 19. The changes in population levels of the Pseudomonadaceae in the bulk soil and disease 
severity ratings from R. solani and F. virguliforme soil suppression bioassays during transitional 
years. 
 2004 2005 2006 2007 
Pseudomonadaceae
 
 0.008 a 0.008 a 0.016 b . 
Lesion severity

 (R. solani) -1.7 a -1.7 a -2.4 a -6.6*10
-3 
b 
Foliar severity

 (F. virguliforme) -5.58 a -2.32 b -1.33 c -0.75 d 
 Means followed by different letters in the same row are significantly different at =0.05. 
Means followed by different letters in the same row are significantly different at =0.05.  The 
values presented are z-scored data.   
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CHAPTER III 
 
DISEASE DEVELOPMENT AND YIELD IN RESPONSE TO CROPPING SYSTEMS AND 
ORGANIC AMENDMENT DURING TRANSITION 
ABSTRACT 
A three-year period of transition is required for crop land in the process of receiving organic 
certification from the USDA to allow minimize the effects of previously applied synthetic 
pesticides and fertilizers and to increase “soil health”.  Increasing the level of soil organic matter 
in three years is a primary goal of the transition period.  Adding organic matter to soils has been 
shown to lower the severity of soilborne/root-infecting diseases, a phenomenon known as 
organic matter mediated general suppression. The aim of this study was to investigate the effect 
of adding organic matter through cropping systems and organic amendments on soil 
suppressiveness to disease during transition.  The treatments used were cropping systems 
(pasture, cash grain, and vegetables) in combination with organic matter inputs (cover crops only, 
cover crops plus raw cow manure, and cover crops plus compost).  Naturally occurring diseases 
in the field were evaluated on the various crops grown throughout the study.  These evaluations 
showed that manure amendments resulted in higher severity levels of diseases caused by 
biotrophic pathogens, including rusts in corn and perennial grass, and powdery mildew in winter 
squash. A higher incidence of tomato anthracnose was observed in the plots previously 
transitioned in the vegetable system, resulting in a lower percentage of marketable fruit.  The 
severity of bacterial pustule on the post-transition soybean crop was the highest in the pasture 
system plots, despite soybeans having the highest yields in those same plots.  These results 
suggested that other factors may have contributed to the differences of disease severity levels and 
yields, including soil fertility and weed populations. 
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INTRODUCTION 
There is a great deal of interest in certifying farmland for organic production according to 
the USDA Organic Production Survey (National Agricultural Statistics Service, U. S. 
Department of Agriculture, 2008), 78% of the current organic producers’ five-year plans are to 
maintain or increase organic production; among them 37% plan to increase organic acreage.  In 
fact, between 1992 and 2008 there was a five-fold increase in the number of acres certified for 
organic production (Dimitri and Oberholtzer, 2009).  Producing certified organic crops allows 
farmers to increase their profit margins three-fold over conventionally raised produce.  However, 
profits are likely to be lower during the transition because of generally lower yields that cannot 
be compensated for by the organic price premium.   
There is no doubt that disease pressure is one of the major reasons causing yield loss in 
these systems.  One of the central requirements for transitioning to organic production is to not 
only maintain but to build up “soil health”.  The occurrence of plant disease reflects a status of 
degradation of soil health in general, as suggested by van Bruggen et al. (2006).  Therefore, one 
must investigate disease from two angles: both as a pest issue to be managed and, as an indicator 
of soil health. 
Managing plant diseases can be especially challenging without the use of synthetic 
pesticides and host resistance in the form of genetically-modified (GMO) crops.  Methods and 
materials for disease management permitted by National Organic Program (NOP) standards 
(2002) include crop rotation, sanitation, mechanical methods like pruning, fertility management, 
use of classically bred resistant varieties, vector control, cultural practices and a limited number 
of elemental fungicides as well as the materials defined in The National List of Allowed and 
Prohibited Substances.   
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Disease management through the application of organic matter is a method that has been 
used for many years.  For example, the suppression effect of manure on the root rot of cotton 
(causal agent Phymatotrichum omnivorum) was recorded as early as 1889 (Pammel, 1889), and 
manure was applied to control take-all of wheat even before the causal agent, Gaeumannomyces 
graminis var tritici, was identified (McAlpine, 1904; Tepper, 1892).  And yet crop scientists and 
plant pathologists are still trying to better understand the mechanisms of action of these practices 
so that we may better optimize their use for managing diseases.  A better scientific understanding 
of the mechanisms of disease control will allow such practices to be employed with more reliable 
and predictable results. The length of the NOP mandated three-year transition period is based on 
empirical evidence that shows that increases in soil quality characteristics, including biomass-
carbon and -nitrogen, soil microbial respiration rates, and net nitrogen mineralization, are 
significantly greater after three years of transition when compared with sites under conventional 
methods of production (Cong et al., 2006).   
One of the goals to be achieved during the transition period is to improve soil health.  The 
S205.203(a) rule of the NOP standard states that “the producer must select and implement tillage 
and cultivation practices that maintain or improve the physical, chemical, and biological 
condition of the soil”, and this should be mentioned in the Organic System Plan as part of the 
certification requirement (National Organic Program, 2002).   There is a broad interpretation of 
the methods that can be used for monitoring soil health; and they can include practices as simple 
as routine observation of crop performance and comparing yields from year to year.  Scientific 
testing, including basic soil analysis, plant tissue analysis, and soil microbiological tests are 
recommended.  Since one aspect of soil health is the level of disease/pathogen suppressiveness 
exhibited by the soil (Grunwald et al., 2000), the objective of this study was to compare the 
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effect of cropping system and organic amendment treatments on naturally-occurring levels of 
plant diseases as indicators of soil health. These treatments are distinguished by their quality and 
quantity of crop residues or organic matter added to the soil. 
MATERIALS AND METHODS 
Naturally Occurring Diseases During the Transition Period 
Transitional strategies based on three cropping system (continuous pasture, cash grain, and 
vegetable crop systems) and three organic amendment treatment (cover crops, cover crops plus 
manure, and cover crops plus compost) were established in plots at the University of Illinois 
Crop Sciences Research and Education Center in Champaign, Illinois. The field management and 
cropping systems/organic amendments treatments are described in Chapter II, and more details 
can be found in Ugarte (2009) and Ugarte and Wander (2012) and Lundgren et al. (2006).   
From 2003 to 2005, plant disease levels were evaluated within each of the three cropping 
systems during the growing season. 2006 was the first post-transition year when tomato and bell 
pepper were planted as assay crops in all of the plots to test for difference resulting from the 
transition history.  2007 was the second post-transition assay year when soybeans were planted 
throughout the plots for the same purpose. 
In 2003, at the beginning of the transition period, tomato plants were rated for foliar 
diseases on August 31, 2003.  Diseases observed included early blight (caused by Alternaria 
solani) on the leaves, and some anthracnose fruit rot (caused by Colletotrichum coccodes).  Each 
of the treatment plots were evaluated for the severity of early blight by individually rating 20 
plants per plot for percent leaf area infected.  
Soybean plots in the cash grain system were rated for foliar and root diseases on September 
17, 2003.  Diseases observed included brown stem rot (BSR), charcoal rot, and sudden death 
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syndrome (SDS).  Diseases incidence levels were evaluated by rating 10 plants per plot for the 
presence or absence of each of the three diseases.  Plants were first evaluated for foliar 
symptoms.  Then, they were removed from the soil and examined for signs and symptoms of 
SDS and charcoal rot.  Stems were then split lengthwise, and the internal stem tissues were 
evaluated for symptoms of BSR and SDS.  No diseases were observed on plants in the mixed 
pasture plots. 
In 2004, wheat diseases in the cash grain system were evaluated on May 28 when heads 
were filling but before the leaves had begun to senesce.  Groups of 10 to 15 plants were 
evaluated at three randomly selected areas of each plot.  Plants were evaluated for the incidence 
of head scab, severity of Septoria brown spot (caused by Stagonospora nodorum) on the flag 
leaves, severity of Septoria brown spot on the leaves below the flag leaf, and the incidence of 
general yellowing of the flag leaf possibly due to nitrogen deficiency.  No other diseases were 
observed in the plots.   
Leaf rust, caused by Puccinia recondita, developed on the orchard grass in the pasture 
system, and plants were rated for percent disease severity, based on leaf area infected, on August 
12.  Three 1-square meter quadrats were evaluated in each plot.   
Cabbage and broccoli plants in the vegetable system were first evaluated for diseases on 
August 8, 2004, and no foliar diseases were observed in any of the plots at that time.  When 
plants were reevaluated on August 17, symptoms of downy mildew and black rot were observed.  
In addition, several cabbage plants had wilted/shriveled heads that may have been the result of 
systemic black rot infection.  However, foliar black rot symptoms were not generally observed 
on these plants, and the heads were often colonized by soft rot bacteria at their bases.  So, the 
cause of this condition is unknown.  All of the cabbage and broccoli plants in the four inner most 
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rows of each plot (two rows of cabbage and two rows of broccoli) were evaluated with 
approximately 60 to 65 plants in each row.   
In 2005, disease rating dates were selected based on the appearance of disease symptoms. 
Unusually dry weather conditions during most of the growing season limited the development of 
most foliar diseases, and disease evaluations in mid-August showed very little disease symptom 
expression on any of the host plants in the experiment. Disease severity evaluations in early 
September showed significant development of powdery mildew and downy mildew on the 
butternut squash plants in the vegetable system and common rust on the corn plants in the cash 
grain system.  No diseases were observed in the pasture system.  
The experimental layout was a split-plot in a randomized complete block design (RCBD) 
with four replications.  Disease severity levels were evaluated for organic amendments (OA) 
independently for each cropping system during the transition period.  Statistical analysis was 
conducted using SAS v. 9.2 (SAS Inst., Cary, NC).  During the transition period, naturally 
occurring disease levels were analyzed using the MIXED model with OA considered as a fixed 
effect whereas block (B) was considered as a random effect.   
The linear model used for the statistical analysis of the dependent variables was 
               
where, 
    = observation for the disease severity of the i
th
 level of factor OA in the j
th
 block. 
   = overall mean.   
   = fixed effect of the i
th
 level of factor OA (i= 1, 2, 3). 
   = random effect due to the j
th
 BLOCK (j=1, 2, 3, 4), (0, σb
2
). 
         = Error effect assumed identically and independently distributed (i.i.d.) N(0, σe1
2
). 
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The matching SAS coding was as follows, 
proc mixed; 
class block OA; 
model variable=OA; 
random block; 
lsmeans disease/diff adjust=Tukey;run; 
Post-transition Assays 
In 2006, plant disease levels were evaluated for tomato and bell pepper plants grown in 
the plots with the nine different cropping histories and amendment treatments. Disease ratings 
were taken at the time of the first fresh-market harvest. Diseases observed on tomato included 
Septoria leaf and fruit spot, anthracnose, and some virus infections.  Tomatoes were harvested by 
hand on September 6, and yields were estimated by counting the numbers of marketable fruit in 
fifty harvested fruit per subplot-row after separating the diseased ones from the rest.  Diseases on 
bell pepper included bacterial spot and occasional Phytophthora fruit rot.  The severity of 
Septoria leaf spot on tomato was rated as a percent leaf area affected, and virus infections were 
rated in terms of disease incidence (numbers of infected plants per section).  Fifty harvested 
tomato fruit from each plot were sorted and rated (number of infected fruit) for anthracnose, 
which was the main disease observed on the fruit.  Bacterial leaf spot on bell pepper was rated as 
disease incidence levels, yet the yield was not evaluated.     
The experimental layout was a split-split-plot in a RCBD with four replications.  The 
whole plot treatment was “cropping systems legacy” (CS) with three levels (pasture, cash grain, 
and vegetable).  “Organic amendments legacy” (OA) was the split-plot treatment and consisted 
of three levels (cover crop only, cover crop plus leaf compost, and cover crop plus animal 
manure).  “Cultivars” was the split-split plot treatment with three levels (tomato: Bell Star, 
Classica, Roma; bell pepper: Sweet Chocolate, Orion, New Ace).  Statistical analysis was 
conducted using SAS v. 9.2 (SAS Inst., Cary, NC).  Tomato and bell pepper disease variables 
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were analyzed using PROC MIXED for the effects of CS, OA and CULTIVAR on the disease 
variables.  For this model, the CS, OA and CULTIVARS treatments were considered as fixed 
effects whereas BLOCK were considered random effects.  The linear model used for the 
statistical analysis of the dependent variables was 
                                                                    
           
where, 
     = observation for the disease severity formally in the transitional system of i
th
 cropping 
system with the k
th
 organic amendment as the l
th
 cultivar in the j
th
 block. 
µ = overall mean.   
  = fixed effect of the i
th
 treatment CS (i= 1, 2, 3).   
  = random effect of the j
th
 block (j= 1, 2, 3, 4). 
         = whole-plot error effect assumed identically and independently distributed (i.i.d.) N(0, 
σe1
2
). 
  = fixed effect of the k
th
 treatment OA (k= 1, 2, 3). 
     = fixed interaction effect due to the i
th
 treatment CS and the k
th
 treatment OA. 
         = subplot 1 error effect, assumed i.i.d. N(0, σe2
2
). 
  = fixed effect of the l
th
 cultivar (l= 1, 2, 3). 
    = fixed interaction effect due to the i
th
 CS and the l
th
 cultivar. 
    =fixed interaction effect due to the k
th
 OA and the l
th
 cultivar. 
      =fixed interaction effect due to the i
th
 CS, and the k
th
 OA and the l
th
 cultivar. 
         = subplot 2 error effect, assumed i.i.d. N(0, σe3
2
). 
Errors 1, 2 and 3 are assumed to be independent of one another. 
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The matching SAS coding was as follows, 
proc mixed data=tomato;  
class block CS OA cultivar; 
model variable=CS|OA|cultivar; 
random block; 
lsmeans CS|OA|cultivar/pdiff adjust=Bon ;run; 
In 2007, two naturally-occurring soybean (variety Blue River Hybrids 30YP5) diseases, 
bacterial pustule and wild fire, were evaluated for the percentage of leaf area infected in mid-
August.  These bacterial diseases were confirmed using the ooze-test and isolation of the 
pathogens on nutrient agar.     
The second field assay year with soybeans was planted on May 23, 2007 and harvested on 
November 1, 2007 by 3-row combine.    Rows 8 to 10 (76 cm x30.5 m) were harvested, and yield 
and moisture were recorded from on-board monitors for the areas without R. solani infestation. 
Again, CS was the whole plot treatment, and OA was the subplot treatment as described 
before. The 2007 soybean yield data was analyzed using PROC MIXED procedure of SAS. For 
this model, the CS and OA treatments were considered as fixed effects whereas BLOCK was 
considered a random effect.  Unit CS*B is the error (1) term.  Subplot treatment was OA 
arranged randomly with the unit (OA*B + CS*OA*B) as the error (2) term.  When covariance 
parameter estimates appear to be negative or zero, we used the -2Log Likelihood test to compare 
successive reduced forms of the original models (Littell et al., 2002).  The linear model used for 
the statistical analysis of the dependent variables was 
                                        
where, 
    = observation from samples formally in the transitional system of i
th
 cropping system with 
the k
th
 organic amendment in the j
th
 block. 
  = overall mean.   
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  = fixed effect of the i
th
 treatment CS (i= 1, 2, 3).   
  = random effect of the j
th
 block (j= 1, 2, 3, 4). 
         = whole-plot error effect assumed identically and independently distributed (i.i.d.) N(0, 
σe1
2
). 
   = fixed effect of the k
th
 treatment OA (k= 1, 2, 3). 
     = fixed interaction effect due to the i
th
 treatment CS and the k
th
 treatment OA. 
         = subplot 1 error effect, assumed i.i.d. N(0, σe2
2
). 
Errors 1 and 2 are assumed to be independent of one another. 
The matching SAS coding was as follows, 
proc mixed data=2007yield;  
class block CS OA; 
model variable=CS|OA; 
random block; 
lsmeans CS|OA/pdiff adjust=Bon ;run; 
Particulate Organic Carbon and Nitrogen (POM-C and N) 
Soil samples were taken in the spring of 2007, one year after transition.  A zig-zag pattern 
was used to randomly collect soil samples from each plot. A hand trowel was used to collect the 
top 15 cm of soil after first removing the top 2.5 cm of soil.  Composite soil samples were placed 
in four one-gallon plastic freezer bags which were further composited to achieve homogeneous 
sample before particulate organic matter (POM) measurements were taken.  POM analysis 
followed the methods in Ugarte and Wander (2012).  Soil samples were dried, weighed, and 
ground to powder for C and N analysis by dry combustion on a Costech Elemental Analyzer 
(Model ECS 4010, Costech Analytical Technologies, Inc. Valencia, CA).  
Plots were planted with soybeans (Blue River hybrids 30YP5 (Group III)) on May 23, 2007, 
and the number of plants emerged was counted for each row on June 7, 2007 for the R. solani- 
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infested areas to estimate the level of damping off.  On June 14, three weeks after planting, four 
healthy plants from the negative control and four sick plants from the infested areas were 
harvested with intact roots. The image root systems were digitally scanned using a Regent 
Instruments LA1600 (Epson model EU-22), and the images were analyzed using the 
WinRHIZO
®
 image analysis system (ver. 5.0A, Regent Instruments, Quebec, Canada).  Disease 
symptoms were recorded, including lesion length, plant height, and lesion number.   
The experimental layout was a split-plot in a RCBD with four replications.  The whole 
plot treatment was cropping systems history (CS), with three levels (pasture, cash grain, and 
vegetable).  Specifically, they were pasture (perennial grass/legume biculture), cash grain (corn, 
soybeans, wheat), and vegetable (tomato, crucifer, squash).  Organic amendments history (OA) 
was the subplot treatment, and it consisted of three levels (cover crop only, cover crop plus leaf 
compost, and cover crop plus animal manure).  Statistical analysis was conducted using SAS v. 
9.2 (SAS Inst., Cary, NC).   The MIXED procedure of SAS was used to examine the effects of 
CS and OA.  For this model, the CS and OA treatments were considered as fixed effects whereas 
“block” was considered random as an effect.  When covariance parameter estimates appeared to 
be negative or zero, we used the -2Log Likelihood test to compare successive reduced forms of 
the original models (Littell et al., 2002). 
The linear model used for the statistical analysis of the dependent variables was 
                                        
where, 
    = observation for the POM from samples formally in the transitional system of i
th
 cropping 
system with the k
th
 organic amendment in the j
th
 block. 
  = overall mean.   
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  = fixed effect of the i
th
 treatment CS (i= 1, 2, 3).   
  = random effect of the j
th
 block (j= 1, 2, 3, 4). 
         = whole-plot error effect assumed identically and independently distributed (i.i.d.) N(0, 
σe1
2
). 
   = fixed effect of the k
th
 treatment OA (k= 1, 2, 3). 
     = fixed interaction effect due to the i
th
 treatment CS and the k
th
 treatment OA. 
         = subplot 1 error effect, assumed i.i.d. N(0, σe2
2
). 
Errors 1 and 2 are assumed to be independent of one another. 
The matching SAS coding was as follows, 
proc mixed data=soy;  
class block CS OA; 
model variable=CS|OA; 
random block; 
lsmeans CS|OA/diff adjust=Bon ; run; 
RESULTS AND DISCUSSION 
 
Naturally Occurring Diseases During the Transition Period 
Table 20 summarizes all the naturally occurring diseases observed throughout the transition 
years and two years of post-transition.  These are all common diseases in the Midwestern, U. S. 
In 2003, the severity of early blight on tomato ranged from 1.3 to 5.6 % leaf area infected 
in the treatment plots (Table 21). There were no significant differences in early blight severity 
levels among the three amendment treatments since organic matter and nutrient treatments were 
scheduled to be applied later in the fall after harvest, but there were significant differences 
among the blocks, with the highest levels of disease observed in blocks 3 and 4.  These results 
were not unexpected given that no treatments were applied yet.  Blocks 3 and 4 were downhill of 
blocks 1 and 2.  This may have resulted in slightly higher humidity levels or longer periods of 
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dew, which may have promoted the development of a greater amount of foliar disease.  This 
shows that our blocking was effective for this particular disease.   
Since there was no compost or manure amendment for this growing season, this year of 
data serves as the baseline.  Diseases observed on soybeans included brown stem rot (BSR), 
charcoal rot, and sudden death syndrome (SDS).  The incidence of BSR ranged from 50 to 100 
percent among the treatment plots.  The incidences of charcoal rot ranged from 0 to 70 percent, 
and the incidences of SDS ranged from 0 to 20 percent.  Levels of BSR were high in all plots, 
and there was significantly lower incidence in block 3 possibly due to its lower elevation that 
tends to have higher humidity (Table 21).  The variety of soybean used in the study was 
apparently very susceptible to BSR infection.  Moderate to high levels of charcoal rot were 
observed in the plots.  However, there were no significant differences among blocks.  Charcoal 
rot was generally very prevalent throughout Illinois in 2003.  Very low levels of SDS were 
observed, but no significant differences among blocks were detected.  No diseases were observed 
in the mixed pasture system plots in 2003.   
In 2004, wheat head scab, caused by fungus Gibberella zeae (=Fusarium graminearum), 
was only observed on a few plants in the study, and there were no significant differences 
between head scab incidence levels among the three organic amendment treatments (compost, 
manure, and non-amended control).  As shown in Table 22, there also was only a trace amount of 
Septoria blotch, caused by Mycosphaerella graminicola, observed on the flag leaves, with 
significantly more leaf area affected in non-amended areas than in compost-amended areas 
(P=0.07), showing a possible suppressive effect from the compost.  On the lower leaves, percent 
leaf areas affected by Septoria blotch ranged between averages of 4.9 and 5.7, and there were no 
significant differences in levels between amendment treatments.  There was a significant 
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difference in the incidence of general yellowing of the flag leaves among treatments, with the 
highest incidence of yellowing (7.2%) in compost amended plots and the lowest incidence (1.7 
%) in the non-amended plots. This yellowing was probably not due to an abiotic disease.   
Leaf rust, developed on orchard grass in the pasture system plots in the second week of 
August, 2004.  The highest rust severity (34%) was observed in the manure amended plots 
(Table 22), and these levels were significantly higher than those observed in plots receiving the 
other two treatments (P=0.02).  The severity levels in the compost amended and non-amended 
plots were not significantly different from each other, with levels of 24% and 20% respectively. 
No significant diseases were observed on the legume plants in the pasture plots.  
In the same year, the incidence of cabbage wilting varied from 0.5 to 1.8 heads per two 
rows (approximately 60 to 65 plants in each row), but there were no significant differences 
between the amendment treatments (Table 23).  Incidences of plants showing downy mildew 
symptoms ranged from 2 to 3.25 plants per two rows for cabbage and 4.5 to 6.75 plants per two 
rows for broccoli, but there were no significant differences in downy mildew incidence levels 
among treatments.  There were also no significant differences in the incidence levels of black rot 
on the broccoli plants (causal agent Xanthomonas campestris pv. campestris) associated with 
amendment treatments, with average incidence levels ranging from 1.5 to 3.0 plants per two 
rows (Table 23).   
In 2005, disease severity levels (% leaf area infected) of common rust of corn (caused by 
Puccinia sorghi) were significantly higher on corn plants in the manure amended (9.4%) plots 
than the cover crop only (6.0%) plots (Table 24).  Levels of common rust on corn plants grown 
in the plots receiving the compost amendments (7.1%) were not significantly different from 
those on plants grown in either the manure amended or control plots.  Plants in the manure-
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amended plots had higher levels of nitrogen available to them (Table 2).  Having elevated 
nitrogen levels possibly allowed the plant to grow more new tissue and the pathogen is able to 
infect that plant more severely. 
As shown in Table 25, the winter squash plants grown in the compost-amended plots had 
significantly lower levels of powdery mildew severity (% leaf area infected)  when compared to 
plants grown in the control plots.  Powdery mildew levels for the plants grown in the manure 
amended plots were not significantly different from those grown in plots receiving the other two 
soil treatments.  Severity levels of downy mildew on the squash plants were not significantly 
different among any of the soil amendment treatments. No significant diseases were observed on 
the plants in the grass/legume pasture cropping system plots.   
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Post-transition Assays 
Tomato. In 2006, diseases observed included Septoria leaf spot (causal agent Septoria 
lycopersici), anthracnose (causal agent Colletotrichum coccodes) on the fruit and virus infection 
with symptoms resembling those caused by cucumber mosaic virus infection (leaf malformation 
and fern-leafing with shoestring-like leaf blades).  Levels of these diseases were all found to be 
significantly affected by the cultivars (Table 29).  Cultivar Bell Star had the highest disease 
levels for all three diseases and lowest percent of marketable fruit (P<0.0001).  The disease 
levels between Roma and Classica were not significantly different.  Transition history was found 
to be significant for anthracnose (Table 27); plots previously planted to the vegetable system had 
higher disease levels than plots previously in the pasture system (P<0.01).  Disease levels in 
plots previously in the cash grain system were not statistically different from those transitioning 
with either of the other two systems.  I was not able to detect differences in previous cropping 
system history for Septoria leaf spot and virus infections, nor did the organic amendment history 
have a significant effect on anthracnose or Septoria leaf spot (Table 28).  There was a significant 
effect of organic amendments on the anthracnose levels, in that plants grown in the manure 
amended area had lower levels of anthracnose than did plants growing in the other two systems.  
There was no significant difference between the other two systems.  This indicates that manure 
had suppressive effect on anthracnose.  Differences in the incidence of virus infection were 
significantly associated with the organic amendment treatments, where plants grown in plots 
previously receiving manure-amendments had significantly lower virus incidence levels than did 
those growing in non-amended areas and compost-amended plots (p<0.01) as shown in Table 28.  
When the data was further analyzed statistically by cultivar, only cultivars Classica and Roma, 
the more disease resistant ones, that cropping system effect was significant in that previously 
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vegetable plots were more conducive to anthracnose.  On the other hand, cultivar Classica alone 
showed significantly higher disease incidence in cover crop only areas, whereas cultivar Bell 
Star alone had significantly lower virus infection in the manure-amended areas (Figure 4 and 5).  
Tomato percent marketable fruit that are non-anthracnose was affected by the cropping 
history (cropping system treatment) and by tomato cultivar, but not by organic amendment 
history (Table 28).  Tomato plants in the plots previously planted to the vegetable system yielded 
lower percentage of marketable fruit than the other two systems (P<0.01).  The percentage of 
marketable fruit harvested in the plots previously planted to the pasture system and cash grain 
system were not significantly different.  The Cultivar Bell Star yielded the lowest percent 
marketable fruit (P<0.0001).  The marketable percent was not significantly different between the 
other two cultivars, Classica and Roma (Table 29). 
Bell Pepper. In 2006, the only disease rated was bacterial leaf spot, caused by 
Xanthamonas campestris.  The severity of leaf spot was not significantly affected by the 
previous cropping history or organic amendment treatments (Table 26).  The effect of cultivar 
was significant in that the cultivar New Ace had higher severity levels than did Sweet Chocolate 
and Orion (p<0.001).  The levels of severity were not significantly different between the 
cultivars Sweet Chocolate and Orion (Table 29).        
Soybeans. In 2007, soybeans with bacterial pustule (causal agent Xanthomonas axonopodis 
pv. glycines) and wildfire (causal agent Pseudomonas syringae subsp. tabaci) were not found to 
be significantly affected by the organic amendment history (Table 30).  Plants grown in plots 
previously in the cash grain system had lower severity levels of bacterial pustule than did plants 
growing in plots that were previously in the pasture system (Table 31).  This is explainable by 
the fact that X. axonopodis tends to overwinter in crop residues and the bacterium spreads via 
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splashing water or windblown rain and during cultivation when foliage is wet (Laboratory for 
soybean disease research website, U. of Illinois).  After harvest, the cash grain system left less 
green residues than did the pasture system in our study (Wander et al., 2008), and this may have 
contributed to having lower levels of bacterial pustule in the cash grain system.   
Both cropping systems and organic amendments treatments had significant effects on the 
yields.  The yields from the plots previously planted to the pasture system were higher (P<0.01) 
than those from the plots previously planted to the other two systems as shown in Table 31.  The 
yields between the plots previously planted to the cash grain system and to the vegetable system 
were not significantly different.  The yields from the plots previously amended with manure 
were higher than those from the plots previously amended with compost (Table 32).  There was 
no significant difference between the yields from the plots without amendment and those from 
the plots with compost amendment.  In all the statistical interactions of the cropping systems and 
organic amendments, yields from the soybean planted in the plots previously planted to the cash 
grain system with compost amendment were significantly lower than those from the plots 
previous planted to the pasture system with manure amendment (P=0.06).  Overall, the yield 
response is explainable by the labile fraction of SOM quality and quantity (POM) presented in 
the next section, and that the history of transitional strategies affected post-transitional yields 
even to the second growing season. 
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Particulate Organic Carbon and Nitrogen (POM-C and N) 
Based on data from the soil samples taken from 2007, the treatment of cropping systems 
had a significant effect on the POM-N (P<0.01) and POM-C (P<0.1) (Table 33), but not on 
POM-C:N.  There were no significant differences in POM-C, POM-N, and POM-C:N levels 
resulting from the organic amendments treatment.  One year after transition, the soil from the 
previously pasture transitional system had significantly higher POM-N than did soil from the 
previously cash grain system (Table 34).  Levels of POM-N in soil from the plots previously in 
the vegetable system were not significantly different from those in soil from the plots either 
previously in the pasture or cash grain system. There were higher levels of POM-C in soils from 
the pasture transitional system than there were in soils from the cash grain transitional system 
(P<0.1).  Levels of POM-C in soils from the vegetable transitional system were not significantly 
different from those in soils from either the pasture or cash grain system.  There were no 
significant differences in POM-C:N levels resulting from the cropping system or oganic 
amendment treatments. POM represents a labile fraction of the soil organic matter that is readily 
bioavailable for microbes which mineralize POM in support of plant development. Therefore, 
quantity (POM-C and POM-N) rather than quality (POM-C:N) of the labile fraction of the soil 
organic matter was affected by the treatments. 
Summary 
The annual evaluation of naturally occurring diseases showed that diseases caused by 
biotrophic pathogens were promoted by manure amendments, as shown in higher severity levels 
of rust on corn, rust on perennial orchard grass, and powdery mildew on winter squash.  A higher 
incidence of tomato anthracnose was observed in the plots previously transitioned in the 
vegetable system, resulting in a lower percentage of marketable fruit.  The severity of bacterial 
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pustule on the post-transition soybean crop was highest in the pasture system plots, despite 
soybeans having the highest yields in those same plots.    
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TABLES AND FIGURES 
Table 20. Diseases or symptoms, if the cause is unknown, observed on the various crops planted 
during the study. 
Year Host Diseases   
2003 Tomato early blight   
Soybean  brown stem root, charcoal rot, sudden death syndrome   
2004 Cabbage/Broccoli wilted heads, downy mildew, black rot   
Wheat head scab, Septoria blotch, yellowing of flag leaves   
Grass leaf rust   
2005 Squash powdery mildew, downy mildew   
Corn common rust   
2006 Tomato anthracnose fruit rot, Septoria leaf spot, virus   
Bell pepper bacterial leaf spot   
2007 Soybean bacterial pustule, wildfire   
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Table 21. Severity levels of early blight of tomato and incidence levels of charcoal rot, SDS, and 
brown stem rot of soybean by experimental blocks in 2003. 
 Tomato Soybean 
 LAI 
(%) 
Incidence  
(%) 
Block EB BSR Ch Rot SDS 
1 1.6 a

 90.0 a
 
 10.0 a 3.3 a 
2 1.6 a 90.0 a 33.3 a 6.7 a 
3 3.8 b 56.7 b 40.0 a 6.7 a 
4 3.2 ab 80.0 a 25.0 a 5.0 a 
LAI: percentage of leaf area infected 
EB: early blight of tomato; BSR: brown stem rot of soybean; Ch Rot: charcoal rot of soybean; 
SDS: sudden death syndrome of soybean 

 Means followed by different letters in the same column are significantly different at =0.05. 
 
Means followed by different letters in the same column are significantly different at =0.005. 
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Table 22. Effect of organic amendments on disease severity levels on wheat and orchard grass plants in 2004. 
 Orchard 
Grass 
 Wheat 
 Rust  Septoria on flag leaf Septoria on lower leaf  Head scab Yellowing on flag leaf  
Source LAI 
(%) 
 LAI 
(%) 
 Incidence 
(%) 
Compost 24 a
  0.05 a 5.7 a  0.5 a 7.2 a  
Manure 34 b  0.1 ab 5.2 a  0.3 a 4.7 ab 
None 20 a  0.13 b 4.9 a  0.2 a 1.7 b 

 Means followed by different letters in the same column are significantly different at =0.02. 

 Means followed by different letters in the same column are significantly different at =0.08. 
 
Means followed by different letters in the same column are significantly different at =0.10. 
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Table 23. Effect of organic amendment treatments on the disease or symptom incidence levels on cabbage and broccoli in 2004. 
Organic 
Amendments 
Cabbage 
wilting
a
 
Cabbage  
downy mildew
a
 
Broccoli  
black rot
a
 
Broccoli  
downy mildew
a
 
Compost 1.3 2.5 2.3 6.8 
Manure 0.5 3.3 3.0 4.5 
None 1.8 2.0 1.5 5.3 
a
  All of the cabbage and broccoli plants in the four inner most rows of each plot (two rows of cabbage and two rows of broccoli) were 
evaluated with approximately 60 to 65 plants in each row.  The number of heads per two rows that had symptoms are reported here. 
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Table 24. Effect of organic amendments on the severity of grass leaf rust in 2004 and common 
rust of corn in 2005. 

Means followed by different letters in the same column are significantly different at the 0.10 
probability level. 
 
Means followed by different letters are significantly different at the 0.05 probability level. 
 
 
  
Organic Amendments Corn common rust 
 % LAI 
Compost 7.1 ab

 
Manure 9.4 a 
None 6.0 b 
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Table 25. Effect of organic amendments on the severity of powdery mildew and downy mildew 
of winter squash in 2005. 
Organic 
Amendments 
Powdery 
mildew 
Downy 
mildew 
LAI

 
(%) 
Compost 26.7 a 11.3 a 
Manure 41.7 b 9.9 a 
None 44.6 b 10.3 a 

  Means followed by different letters in the same column are significantly different at the 0.10 
probability level. 
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Table 26. Analysis of variance summary for the effect of organic management practices on the 
tomato and bell pepper diseases and percent marketable fruit of tomato in 2006 as the first post-
transition field assay. 
  Tomato  Pepper 
  Septoria  Anthracnose Virus Marketable  Bacterial leaf spot 
Source of Variation   
CS

  NS  *** NS **  NS 
OA

  NS  * *** NS  NS 
CS*OA  NS  NS NS NS  NS 
Cultivar

  ****  **** **** ****  **** 
CS*Cultivar  NS  NS NS NS  NS 
OA*Cultivar  NS  NS **** NS  NS 
CS*OA*Cultivar  NS  NS NS NS  NS 
Significant at the 0.001 probability level. 
Significant at the 0.005 probability level. 
** Significant at the 0.05 probability level. 
*Significant at the 0.10 probability level. 

Cropping systems = pasture, cash grain, and vegetables. 

Organic amendments = cover crop alone, compost with cover crop, and manure with cover 
crop. 

Cultivar = tomato: Bell Star, Classica, Roma; bell pepper: Sweet Chocolate, New Ace, Orion. 
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Table 27. Effect of cropping system treatments on the incidence of anthracnose and percent 
marketable fruit of tomato.  
CS
a
 Anthracnose Marketable 
P 14 a

 85.3 a

 
V 23 b 75.9 b 
G 15 a 83.4 a 
a
  Cropping systems (CS) = pasture (P), cash grain (G), and vegetables (V). 
Means followed by different letters in the same column are significantly different at =0.005. 

  Means followed by different letters in the same column are significantly different at =0.05. 
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Table 28. Mean effect of organic amendment treatments on the incidence of anthracnose on fruit 
and virus infection on tomato. 
OA
b
 Virus Anthracnose 
M 2.1*10
-14 
a
 
 13.6 a

 
C 3 b 18.4 b  
N 4 b 19.3 b 
b
  Organic amendments (OA) = Manure (M), Compost (C), and non-amended (N).  
 
Means followed by different letters in the same column are significantly different at =0.01. 
Means followed by different letters in the same column are significantly different at =0.10. 
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Table 29. Incidence of Septoria leaf spot, anthracnose, virus, marketable percent of tomato; 
severity of bacterial leaf spots on bell pepper for three cultivars. 
 Tomato   Bell pepper 
Cultivar Septoria Anthracnose Virus Marketable  Cultivar Bacterial leaf spot 
   %
 
     
Bell Star 13 a 33 a 7 a 65.5 a  Sweet Chocolate 5.5 a 
Classica 5 b 8 b 0 
 
b 90.8 b  New Ace 12.6 b 
Roma 2 b 10 b 0.3 b 88.3 b  Orion 5.1 a 
 
Means followed by different letters in the same columns are significantly different at =0.0001. 
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Figure 4. Cropping system effect on the marketable percent of fruits by cultivar. 
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Figure 5. Organic amendment effect on the Septoria leaf spot and virus infection of tomato by 
cultivar.  
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Table 30. Analysis of variance summary for the effect of organic management on the yield and 
bacterial pustule of soybeans in 2007 as the second post-transition field assay.  
Effect Yield Bacterial pustule Wildfire 
CS
a
 *** ** NS 
OA
b
 * NS NS 
CS*OA NS NS NS 
* Significant at P=0.10 level. 
** Significant at P=0.05 level. 
*** Significant at P=0.01 level. 
a
  Cropping systems (CS) = pasture, cash grain, and vegetable. 
b
  Organic amendments (OA) = cover crop alone, compost with cover crop, and manure with 
cover crop. 
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Table 31. Effect of cropping system on the incidence of natural-occurring soybean bacterial 
pustule and yield in 2007 as the second post-transition field assay. 
CS
a
 Yield
c
 
(kg/ha) 
Bacterial pustule  
severity (%) 
V 953 a
 
 1.2 ab

 
P 1287 b 2 a 
G 860 a 0.7 b 
 
Means followed by different letters in the same column are significantly different at =0.10. 

Means followed by different letters in the same column are significantly different at =0.05. 
c
  Assuming 60 lbs per bushel. 
a
  Cropping systems (CS) = pasture (P), cash grain (G), and vegetables (V). 
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Table 32. Effect of organic amendments on the soybean yield in 2007 (second post-transition 
year). 
Yield  
(kg/ha)
c
 
None Compost Manure 
998 ab

 931 a 1165 b 

  Means followed by different letters are significantly different at =0.05. 
c
  Assuming 60 lbs per bushel. 
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Table 33. Analysis of variance summary for the effect of organic management on the biological 
fertility (particulate organic C and N and their ratio) in 2007 as the second year post-transition 
field assay year. 
 POM-N POM-C POM-C:N ratio 
CS *** ** NS 
OA NS NS NS 
CS*OA NS NS NS 
*** Significant at 0.01 level.  
* Significant at 0.10 level. 
NS: not significant at 0.10 level. 
POM: particulate organic matter. 
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Table 34. Concentration of POM-N (particulate organic matter N) as a result of cropping system 
effect. 
CS
a
 POM-C

 POM-N

 
 (%) (%) 
P 6.08 a 0.32 a 
G 4.61 b 0.21 b 
V 4.88 ab 0.25 b 
a
  Cropping systems (CS) = pasture (P), cash grain (G), and vegetables (V). 

Means followed by different letters in the same column are significantly different at =0.10. 

Means followed by different letters in the same column are significantly different at =0.01. 
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CHAPTER IV 
CONCLUSIONS 
The research reported here was part of a larger, multidisciplinary study looking at the 
effects of the various transitional strategies. Other research on the same experimental plots has 
documented the influence of organic transition systems on different components of the system.  
Lundgren et al. (2006), for example, reported higher densities of biological control insects in a 
pasture system during transition.  Ugarte (2009) and Ugarte and Wander (2012) reported that soil 
resource concentrations at the end of transition were the highest in the pasture system, followed 
by the vegetable system, and then by the row crop system.  Weed scientists studying the same 
plots also found that the pasture system resulted in lower weed populations with a smaller seed 
bank, possibly due to late planting of corn (personal communication with John Masiunas), and 
therefore Wander et al. (2008) concluded that the pasture system was superior.  However, this 
conclusion oversimplifies the complex relationships relating to plant health involving plants, 
pathogens, and natural antagonists.  In this study, I conducted experiments to investigate both 
disease suppressions both on the same host, soybeans, and naturally occurring diseases of 
multiple pathosystems in the field setting.  Soil samples taken from the same field were 
inoculated with one of two pathogens of soybean separately, R. solani and F. virguliforme, to 
assess the disease suppression of the soil during and after transition.  R. solani infestation of the 
field was performed in the second year after transition.  Field diseases that occurred naturally 
were also assessed during transition and post-certification years for pathogen suppression.   The 
results from these various studies together provided a side-by-side comparison of how these 
economically important plant diseases of the Midwestern, U. S. responded to these treatments.    
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When the soil samples from the field were infested with R. solani in the greenhouse 
bioassays, significant differences in cropping systems were detected in 2004, 2005 and 2006.  
Soil samples from the pasture system not only failed to suppress diseases, as the ‘organic matter 
mediated suppression hypothesis’ predicts, they were the most disease conducive ones in 2004 
and 2005. Samples taken from compost-amended areas, as shown by the 2004 data, had notably 
higher (P=0.10) severity of R. solani infection.  As for SDS suppression, soil samples taken from 
the pasture system resulted in higher foliar severity in 2005, but based on the root characteristics, 
samples taken from the pasture system had healthier root systems in 2006 and 2007, suggesting 
the development of organic matter mediated suppression.   
These findings extended those of Lundgren et al. (2006), Ugarte and Wander (2012), and 
Wander et al. (2008), confirming that cropping systems and organic amendments impact the 
agro-ecosystem.  In my study, the focus was on the plant-pathogen-antagonists relationships.  
However, the R. solani suppression observed in my study did not follow the prediction of the 
organic matter- mediated suppression hypothesis, implying that specific suppression was more 
effective for R. solani than general suppression.  This study therefore suggests that organic 
matter inputs usually promote general suppression but are not effective against pathogens with 
high saprophytic ability. 
Data from the field also pointed to that fact that building up organic matter does not 
automatically guarantee disease suppression.  Manure supplied more labile carbon and nitrogen, 
induced higher microbial activity and produced higher biomass, yet it promoted certain diseases, 
especially with biotrophic pathogens like rust. During transition in the field, manure treatments 
resulted in higher levels of leaf rust in the pasture system in 2004.  In 2005, manure also 
promoted common rust of corn in the cash grain system.   
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Post-transitionally, plots previously in the pasture system had greater soil fertility but did 
not promote disease suppression.  Post-transition years 2006 and 2007, tomato anthracnose had 
higher incidence in plots previously in the vegetable system, resulting in a lower marketable 
percentage of fruit, possibly due to a buildup of inoculum from the tomato crop grown before.  It 
is also likely that weed of the same family, Solanaceae, as tomato served as the hosts for 
anthracnose.  The vegetable system was weedier than the pasture system (personal 
communication with John Masiunas).  However, the pasture system did not suppress diseases 
better than the cash grain system as the organic matter mediated suppression hypothesis predicts.  
Cultivar had the most consistent effect on overall disease severity, evidently being the most 
reliable tool of disease control compared with other cultural practices of disease control.  In 2007, 
despite having the highest yield in plots previously in the pasture system, the severity of bacterial 
pustules was the highest in the same plots.  It is apparent that the pasture system resulted in 
better soil productivity, supported by the POM data, but encouraged some of these naturally 
occurring diseases that were fortunately not yield-limiting.  On the other hand, I did not detect 
significant differences between the treatments on the population levels of Pseudomonadaceae in 
a given year, though the YEAR factor was found to be significant and Pseudomonadaceae 
population doubled in 2006, which is consistent with the decrease in disease severity ratings of 
the greenhouse bioassays over time.  This finding is also consistent with FDA value increased in 
the third year of transition from the same plots reported by Ugarte (2009). 
Most notably, this is the first study to examine the effects of organic transition strategies 
using root morphological characteristics rather than comparing only the common disease severity 
ratings, plant height, and total weight.  Root length and surface area are directly affected by 
pathogen infection and are controlling variables for water and nutrient uptake, which would 
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ultimately lower the yield.  Average root diameters increase with increased root infection 
because of the loss of smaller roots and are known to be one of the most important input 
parameters for modeling the rhizosphere ecosystem where the soilborne pathogen-antagonist 
activities are high.  Evaluation of root characteristics, along with severity ratings, provides  
evidence that adopting pasture as the transitional cropping system may encourage diseases 
caused by facultative parasites (e.g., R. solani), while promoting OM-mediated suppression of 
diseases caused by facultative saprophytes (e.g., F. virguliforme).   A similar study based on only 
severity ratings, plant height, and weight showed that their hay system (equivalent of the pasture 
system in my study) had a greater suppressive effect of soilborne pathogen that was tested, the 
causal agent of damping-off, Pythium aphanidermatum (Baysal et al., 2008).  Yet, to account for 
the continuum stunted growth that happens more frequently than the dead plant counts of 
damping-off, root characteristics provide valuable supporting evidence that compliments the 
other data.  However, some limitations are worth noting in my study.  Although my hypotheses 
were supported statistically, due to SDS occurring only when environmental conditions are 
favorable, the field was not infested with SDS successfully even though the inoculum was 
applied.  Future work is needed to confirm that SDS, under favorable environmental conditions,  
can be suppressed by adopting the pasture transitional system. 
Besides being a tool for disease control, suppressive soil is linked to healthy soil such that 
it reflects a stable and healthy ecosystem; indicators for soil health could possibly also function 
as indicators for disease suppressiveness (van Bruggen and Semenov, 2000).  van Bruggen et al. 
(2006) suggested that healthy soils are more suppressive of soilborne plant pathogens than 
biologically impoverished soils.  They defined healthy soil as a stable system with high levels of 
biological activity, diversity, internal nutrient cycling, and subsequent resilience to disturbance, 
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which can be achieved by regularly adding soil organic matter (SOM) that suppresses disease.  
My study, though, showed that adding SOM can suppress facultative saprophytes but may 
promote facultative parasite activity.  Diseases of particular concern should be evaluated 
beforehand based on the knowledge of the field history, disease scouting, and quality/quantity of 
the organic matter inputs.  Other cultural practices such as avoidance and resistance should be 
considered to prevent an outbreak of certain diseases.  Therefore, the increase of pathogen 
(microbial) activity by adding SOM is a double-edged sword. SOM can be used as a tool to 
promote weed control if weed pathogens are enhanced (Hoagland et al., 2008).  Together, these 
phenomena seem to support a broader concept of the “general soil biostasis” recently proposed 
by Garbeva et al., (2011) that would encompass the old concept of fungistasis.  For example, 
“crop death may be the only outcome when brassica seed meal is applied incorrectly to suppress 
apple replant disease.  But such treatment, when applied correctly, can be just as effective as pre-
plant soil fumigation by methyl bromide” (Mazzola and Brown, 2010; Mazzola, 2011).  Adding 
SOM in the hope of controlling disease can carry significant but non-obvious risks, and thus 
careful evaluation based on knowledge of active mechanisms would help improve the certainty 
of suppression.  If a suppression is classified as “general suppression” that is not transferable 
when it is inoculated to conducive soil, the focus of research should be shifted to finding the soil 
indicators that correspond well with the suppressiveness, instead of laboring on the identification 
of a bacterial species that is responsible for the suppressiveness, because it may well be the total 
biomass or activity of the microbial community that matters.  The evidence is shown by Mendes 
et al. (2011) that individual organisms isolated from rhizosphere of a suppressive soil planted to 
sugar beets did not suppress the disease.  Rather, it was the combination of many organisms that 
caused the suppression.   This then bring up a question whether we can predict the kind of 
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combination desirable in the bulk soil that would result in disease suppression ahead of planting 
the farmland to a specific crop.  In this study, the relative population levels of the 
Pseudomonadaceae, which is a traditional taxonomical classification by its morphology that 
comprises of many different genera of bacteria, were found to be a potential indicator for soil 
suppressiveness.  More study is needed to relate the bulk soil microbial community and the 
rhizospheric microbial community when the host is present and supplying nutrients to enrich 
certain population of microbes that would eventually inhibit the growth of plant pathogens. 
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